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PREFACE 


THE  purpose  of  this  book  is  to  present  in  a  compact 
form   those   principles  which   underlie  a  thorough 
,  knowledge  of  power  and  heating  plants,  together 
',«ithsuch  data  on  the  subject  of  mechanical  and  electrical 
laginecring  as  is  deemed  essential  in  the  successful  op- 
jTOion  of  power  and  heating  plants  of  every  description. 
It  has  been  the  object  of  the  author  to  deal  with  the 
|«bjects  herein  treated,  in  a  practical  way  as  applied  to  every 
mk  work,    rather    than    with   theories   and    mathematical 

The  name,  nature  and  function  of  the  principal  parts 
[c  ■.-...:;,  machine  or  apparatus  have  therefore  been  given 
fere  any  directions  for  its  operation  or  use. 

Sdicving  that  it  is  impossible  for  the  general  reader  to 

~   .Hderstand   any  mechanical  device  from  a  mere  de- 

*"•!:  i.  nf  same  without  the  use  of  a  model  or  an  illus- 

h"T.  hcc'impanying    the    description,   an    unusually   large 

fc"T"i'  full  page  sectional  views  of  all  the  devices  as  de- 

|*V.  na<  been  included,  together  with  complete  specifica- 

Ni't  the  construction  ami  installation  of  same,  so  the 

fes*  may  fully  inform  himself  upon  the  construction  of 

l*Tichinc  or  apparatus  that  he  may  be  called  upon  not 

•*•:>  operate,  but  also  at  times  to  repair. 

■"•dug  to  the  varied  requirements  of  modern  power 
IK"-,  ami  the  high  boiler  pressures  necessary  for  the  oper- 
1*5  :' modern  expansion  engines  and  turbines,  the  respoil- 


sibility  of  the  stationary  engineer  has  been  vastly  increased 
in  the  last  few  years. 

When  we  further  consider  that  many  plants  now  gen- 
crate  their  own  power  for  the  operation  of  their  lights, 
motors  and  elevators,  and  also  do  their  own  refrigeration, 
it  can  be  seen  that  the  modern  stationary  engineer  must  not 
only  be  a  steam  engineer,  but  an  electrical  and  refrigerating 
engineer  as  well. 

In  fact,  the  day  is  not  far  distant  when  stationary  engi- 
neering as  a  profession  will  be  considered  as  one  of  the 
most  important  branches  of  engineering,  and  the  stationary 
engineer  worthy  of  the  highest,  reward  for  his  services  and 
well  known  devotion  to  his  duty. 

Joseph  G.  Branch. 

St.  Louis,  November,  1906. 


SECOND  EDITH  >X. 

Some  typographical  and  other  errors  discovered  in 
first  edition  have  been  corrected.     Two  new  chapters  h 
been  added  with  twenty  new  cuts,  and  five  hundred  ir 
questions  and  answers,  making  tliis  edition  contain  over 
thousand  questions  and  answers,    fully  covering  the  en 
field  of  stationary  engineering 

Joski'U  G.  Ukancii. 
St.  Louis.  April.  !</»". 
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CHAPTER  I. 

THE  STEAM  BOILER. 

The  Steam  Boiler. — The  steam  boiler  in  its  original 
fan  consisted  simply  of  a  closed  spherical  vessel  partly 
Bled  with  water,  which  was  heated  by  a  furnace,  or  by 
» fire  box  placed  underneath  it.  This  vessel,  or  boiler 
i»  it  was  called,  contained  the  water  to  be  evaporated 
inw  steam,  and  the  furnace,  or  fire  box,  contained  the 
to!  :o  be  burned. 

From  this  simple  device,  first  used  in  a  practical  way 
w  Xcwcomen  in  about  1709,  have  grown  the  modern 
Iwltrs  and  furnaces,  which  have  made  possible  the  great 
*wi  plants  of  the  present  day,  that  are  necessary  to 
ttrt  our  modem  requirements. 

A  boiler  then  is  simply  a  vessel  constructed  for  the 
£~-">e  of  generating  steam  to  be  used  either  for  power 
*  beating  purposes. 

Essential  Parts. — From  their  first  conception  to  the 
fi&m  time,  all  boilers  have  had  the  following  parts: 
«te  vessel,  or  shell,  which  contains  the  water  to  be  evap- 
v.fii  into  steam ;  the  furnace,  or  fire  box,  in  which  the 
*•!  is  burned,  and  a  chimney  to  carry  away  the  smoke 
'&'■  jra>e>  of  combustion,  and  produce  at  the  same  time 
foitecessary  draft  for  burning  the  fuel.  With  the  boiler 
ail  furnace,  are  various  appliances  and  attachments 
*ft>«arv  for  the  safety  and  economy  of  their  operation. 
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Use. — Boilers  arc  used  either  For  power  or  for  heat 
ing  purposes,  depending  upon  the  character  of  the  work 
to  be  performed  by  them. 

Those  used  for  power  arc  designated  as  high  pre* 
sure  boilers,  and  furnish  steam  for  the  Operation  of  er 
gines  and  turbines;  while  those  furnishing  steam  for 
heating  purposes  in  connection  with  the  ordinary    heating 

system?,  art   designated  as   low-pressure  Ixjilers,  they 
iilly   being  allowed    to    carry   not    more    than    fifteen 
pounds  of  steam  to  the  square  inch. 

I  'wing  to  the  higher  pressure  carried  on  power  I 
ers,  they  necessarily  are  constructed  much  stronger,  and 

differ  also  in  many  essential  details. 

The  early  types  of  boilers  were  constructed  exclu- 
sively for  power  purposes,  usually  for  the  operation  of 
pumps;  the  use  of  boilers  for  heating  purposes  beiu: 
much  more  recent  date. 
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DEVELOPMENT  OF  THE   STEAM    BOILER. 

In  order  to  thoroughly  understand  the  construction 

.iiid  operation  .  .f  boilers,  One  must  study  their  develop- 
ment from  their  first  conception  and  practical  use  tO  tl 
present  time.  In  this  way  their,  defects  and  the  b 
provements  made  upon  them  can  be  more  readily  under 
stood. 

The    Newcomen    "Spherical"    Boiler. — One    of    til 
earliest  forms  was  a  spherical  boiler  designed  by  Nev 
comen  in  about   Ijrot).     It  was  constructed  of  cast  ir 
and  the  brick  setting  supporting  the  boiler  was  so  ar 
ranged  that  the  hoi   gases  from  the  furnace,  which  wa 
placed  directly   under  the   Sphere,  passed   through  a  fll 

which  surrounded  the  boiler  just  below  the  water  [q 


*  Newcomcn  "Balloon"  Boiler. — A  few  years  later 
en  designed  the  first  practical  boiler.     It  was  a 

idrical    boiler,    called    from    its   shape,    the 
or  "Ha  '  boiler,    Thi  was  made 

;ht  iron  with  a  hemispherical  top  and  arched  i 

in  Fig.  i.    The  s  ee  nea  wary  in 

i  d  li>   th(   numeral  t,  the  furnace 

shell  by  -'.  the  Rue  the  hot 

nd  up  tin-  chimney  by  ,;.    and 

ntlet   from   the  boiler   to   ihc   engine 

en  thai  this  b<  tiler  p<  the 

'.i.-     a  vessel  to  con 
e  water ;  a  furnace  underneath  flu<  to  bring 

*  gase-        combi  >tion  in  contact  with  this  vessel; 

abo  .  in  :  in  the  vessel  to  hi »Id  the 

and  lastly,  a  chin  iwa>  these  gases 

ombustion. 

tefecu. — Tl  defect  in  this  boiler  was  the 

sufficient  heating  surface  exposed  to  the  fire  and 

By  the  I  of  a  l>"ili  i    n  ■    mean 

lh<  shell  which  is  brought  into  ictual 

twith  the  fire  and  heated  gases,  and  it  is  evident 

Iter  tl  face,  the  greater  amount  of 


The  Haystack  or  Balloon  Boiler,    Designed  by  Kewt 
Fig.  1. 
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team  with  the  greatest  economy,  is  the  most  successful 
wiler,  and  for  over  two  hundred  years  it  has  been  the 
ttstant  endeavor  of  engineers  the  world  over  to  pro- 
ke  a  perfect  boiler,  i.  e.,  a  boiler  in  which  there  will 
be  oo  loss  of  heat,  but  its  entire  utilization  in  the  work 
lobe  performed. 

The  Watt  "Wagon"  Boiler. — In  order  to  improve 
^on  the  boiler  above  described,  Watt  designed  a  hori- 
MUl  boiler  having  a  greater  heating  surface.  Prom  its 
nsenblance  to  a  wagon  top,  this  boiler  was  called  the 
j^'igon"  boiler,  Fig.  2.  The  top  was  hemispherical,  and 
pe  bottom  curved  inward.  The  products  of  combustion 
■psstd  from  the  grate  underneath  the  boiler  to  the  rear, 
then  through  the  left-hand  flue  to  the  front,  and  from 
fere  it  passed  through  the  right-hand  flue,  passing  the 
feci  "t  the  boiler  to  do  so,  finally  escaping  up  the  chim- 
ttj.  From  the  circuit  taken  by  the  heated  gases  first 
Brier  and  then  around  the  shell,  this  was  called  the 
•bed  draft. 

In  the  larger  sizes,  the  heating  surface  was  further 
jbjceased  by  placing  a  flue  in  the  boiler  through  which 
"*  rases  returned  to  the  front  of  the  boiler  after  pass- 
■f'i  the  rear,  as  in  the  smaller  sizes.  The  gases,  on 
•nins;  from  the  flue  at  the  front,  divided  and  passed  to 
fc  Chimney  at  the  rear  of  the  boiler  by  flues  placed  in 
'■rick  work  on  either  side. 

The  travel  of  the  gases  was  much  longer  in  this 
■8  than  in  the  '"Balloon"  boiler,  which  was  a  great 
•favement,  as  the  greater  the  travel  of  the  gases,  the 
PWer  is  the  amount  of  heat  conveyed  to  the  water  to 
Wporated.  Should  the  heated  gases  have  too  short 
j'tjvel  between  the  furnace  and  the  chimney,  they  will 
I" Permitted  to  escape  up  the  chimney  while  retaining 
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of  their  iicai.    Such  loss  of  heat  n  waste  ol 

fuel,  and  no  boiler  can  be  a  successful  boiler  winch  I 

!  as  to  permit  this    waste.     In  any   properly 

!cr  and  furnace,  the  heal  of  the  furnace  is 

about  2.000  degrees  Fahrenheit,  while  the  heated  gases 

rarely  escape  under  ordinary  conditions  above  600  <k* 

grees  Fahrenheit.     Tin-  that  there  bafl  lieen   '400 

I    given   Up   during   the   travel  of   tin-   gaSCS. 

a  propcH-.    constructed  boiler  and  under  pri 
cosdirji  temperature  of  the  chimney  gases  can  be 

id   as  low  as  400  degrees   Fahrenheit)  but    this   is 
rarely  done  under  ordinary  conditions.     To   reduce  the 

raturc  of  the  gases  below  this  point  would  affect 
He  draft. 

Attachments. — Watt   used   with   this  boiler  a  water 

11    in    the    feed    pipe    which     served    a     a    pressure 

gauge.    The  rise  and  Fal    of  this  column  not  only  d 

nat<d  ure  '"  'he  boiler,  bul 

d  the  damper   which   regulated  the  draft. 

The  feed  water  was  regulated  bj   a  float,  which,  while 

am   in  use,  gave  to  engineers  their  present   idea  of 

automatic  boiler  feed  regulators. 

Defects. — The  chief  defect   in   this  "Wagon"  boiler 
weakness,  owing  to  its  shape  and  the  absence  of 
'II  stays  and   braces.     For   Jow  pressure    purposes,   not 
oceeding  15  pounds  per  squan    inch,  ii  was  :i  practical 
anil  11  ler,  but  for  high-pressure  work  it  was  en- 

tirely unsuitabh . 

this  boiler,  the  numeral  1  is  the 

t->  the  furnace,  3  the  chimney,  4  the  safety  valve,  5 
■  the  engine  and  (i  the  automa 
gauge  and  damper  regulator 
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"Cylindrical"  Boiler.— Watt's  "Wagon"  boiler  was 
succeeded  about  the  beginning  of  the  present  century  by 
the  first  of  the  modern  type  of  boilers.  This  was  the 
plain  "Cylindrical"  boiler  made  of  wrought  iron,  with 
flat  or  hemispherical  ends,  known  as  the  "Egg  end" 
boiler. .  The  egg  shape  of  the  ends  of  this  boiler  greatly 
increased  its  strength  over  that  of  the  "Wagon"  boiler, 
the  principal  defect  of  which  was  its  weakness. 

Defects. — Owing  to  the  shape  of  this  boiler  no  stay- 
ing  is   required,    its    form,   with   the   exception   of   the 
sphere,  being  the  strongest  to  resist  rupture.     The  heat- 
ing surface  is  small,  unless  the  boiler  is  made  very  long, 
which  is  a  decided  disadvantage.     All  the  sediment  col- 
lects in  the  bottom  of  the  shell  where  the  heat  is  the 
greatest,  which  soon  causes  the  plates  to  burn,  and  also 
prevents,  together  with  the  scale  which  soon  forms,  the 
proper  conduct  of  the  heat  to  the  water.     These  boilers 
are  necessarily  small  of  diameter,  being  from  30  to  42 
inches,  and  quite  long,  being  from  20  to  50  feet,  and  are 
extremely  wasteful  of  fuel.     They  can  therefore  for  this 
reason  be  only  used  in  places  where. fuel  is  abundant,  as 
in  mining  districts,  and  around  blast  furnaces. 

This  boiler  is  shown  in  Fig.  3.     The  numeral   1  is 
the  shell,  the  ends  being  set  horizontally  in  brick  work. 
The  lower  part  of  this  cylinder  contains  the  water,  the 
upper  part  the  steam,  2  the  Hues  on  each  side  of  the  shell. 
3  the  furnace  outside  the  cylinder,  which  consists  simply 
of  grate  bars  set  in  the  brick  work  at  a  convenient  dis- 
tance below  the  bottom  of  the  shell.     The  fuel  is  throw' 
on  the  bars  through  the  fire  door  which   is  set  in  tl 
front  brick  work.     The  air  necessary  for  combustion  e 
ters  between  the  grate  bars  from  below  through  the  a 
pit.     The  flame  and  hot  gases  pass  over  the  bridge 
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close  under  the  boiler,  thence  along  the  flue  to  the 
rear,  returning  to  the  front  through  the  flue  on 
one  side  of  the  shell  and  hack  again  on  the  other  side 
to  the  far  end  of  the  boiler,  whence  they  escape  up  the 
chimney.     Numeral  4  is  the  water  line  of  boiler. 

This  boiler  is  a  great  improvement  upon  the  earlier 
types  of  boilers,  but  has  the  two  great  defects  above 
named,  viz. :  the  lack  of  proper  heating  surface,  and  the 
deposit  of  solid  matter  of  the  water  on  the  highly  heated 
portion  of  the  shell  forming  the  bottom  of  the  boiler. 

In  addition  to  these  two  defects,  also,  owing  to  the 
difference  in  temperature  of  the  gases  due  to  their  long 
travel,  the  expansion  and  contraction  of  the  metal  com- 
posing the  shell  of  the  boiler  is  very  unequal,  producing 
cracks  in  the  metal  and  rupture  of  the  joints.  While  the 
travel  of  the  gases  in  the  earlier  types  of  boilers  was 
much  too  short,  in  this  boiler  it  is  too  great,  owing  to 
the  three  turns  under  and  around  the  boiler,  which  they 
are  forced  to  take  before  escaping  up  the  chimney. 

As  these  boilers  are  frequently  made  40  feet  long, 
the  gases  would  be  required  to  travel  120  feet  before 
reaching  the  far  end  of  the  boiler.  As  their  temperature 
on  starting  at  the  forward  end  of  the  boiler  would  be 
about  2,000  degrees  Fahrenheit,  after  traveling  120  feet 
in  contact  with  the  cooling  surface  of  the  boiler,  they 
would  be  at  times  reduced  to  a  temperature  barely  suffi- 
cient to  produce  a  draft  in  the  chimney.  The  effect  of 
this  was  to  highly  heat  one  end  of  the  boiler,  leaving 
the  other  end  cold. 

This  boiler  possesses  many  of  the  requirements  of 
the  modern  boiler,  and  it  should  therefore  be  thoroughly 
understood  before  beginning  the  study  of  the  more  mod- 
ern types. 
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The   •Cornish"    Boiler.— Upon    the   defects   of    the 
imt  boiler    becoming   apparent,   a    Cornish    engineer 
hick,  in  order  to  increase  the  heating  sur- 
ived  tlie  idea  of  placing  the  fire  inside 
j.*  internal  Hue  which  ran  the  entire  length  of  the  shell. 
e  of  boiler  is  known  as  the  "Cornish  boiler," 
It  consists  of  a  cylindrical  shell  with  flat 
iwu  in  the  cut.     The  furnace,  however,  instead  of 
ic  of  th'  -  enclosed  in  a  second  cy  Un- 

due having  :>  diameter  a   little  greater  than  half 
he  boiler  Shell.     This  gave  an  additional  heat- 
face  of  the  entire  length  and  diameter  of  this  scc- 
rylindcr  or  flue.     The  arrangement  of  the  grate  and 
wall  is  evident  from  th,'  cut.     After  passing  over 
wall,  the  gases  travel  through  this  internal 
Of  flue  until  they  reach  the  rear  end  of  the  boiler, 
the  front  again  through  the  two  side  flues, 
c  back  again  to  the  chimney  through  a  bottom 
numeral    i    in  the  CUl    IS  tht    outer  cylinder  or 
••  the    internal   cylimlei    or    line,    i,  and  4   the    side 
5  the  bottom  tine  through  which  the  gasi     pa: 
chimney. 
Advantages. — 1  I    boiler   removed  one  of 

to  the  "Cylinder"  boiler,  by  reducing 
perature  of  the  heated  gase     I"  1  >n    they  came  in 
•  In    i   ittom  of  the   boiler  where  the  scdi- 
It   further  increased  the  amount  of  the 
boilet   I)}  mii  1  ■  1 1  r ;  1 1  to  the 

$  t lie   internal   Hue,  but   :i>  the  diameter  of  this 
'lie  had  '  .nli    sufficiently   large   to  con 

practica  vented  the  making  <>[ 

I  sizes.      It  was   the  first  type  of  what 
lie  internally  fired  boiler. 
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Defects. — The  clticf  defect  of  ibis  boiler  is  trie  un- 

i  the  use  of  the 
am!   inner  c;  as   thi  i  flue  is  tlie 

M  port  r,  and  consequently  undo 

ch  greater  expansion  than  the  other  cylinder.    The 
■  bulge    nit  the  ends  of  the  boiler,  and  then 
nhc  l.i-  Jsdjown,  ori  ,  the  flue  con- 

regular  size,  and  thus  has  a  tendi  work 

wlin  h  it  i ■■  riveted.    Should  the 

a  serious  strain  is  ilirown  on 
the  ends  of  tin  the  In  ads  <A   die  boiler, 

i  while  in  use  the  Hue  of  this  boiler  undergoes  great 

ling  t<    the  state  of  the  fire, 
i-.stant  expansion  and  contraction  so  weakens  the 
•  that  it  frequently  >cs,  resulting  in  great  dis- 

ss. 
"Lancashire"  Boiler. — To  reel  if >   tin  t  serious 

the  nexi    step  in  th<   devclopmcnl     if  the  steam 
the    pri  n    of    the    Lancashire    boiler, 

im  Fi 

atcr  it  will  b  In   i    hi    two  in 

nish"  Ijoiler. 

urn.  erge    into  one   internal    Hue, 

n  tinues  to  the  other  end 

(boil.-t  lne.     Thi  are  sup 

alternately,   and   the   smoke   and    un- 

•  iii  the  fresh  fuel  in    me  flue  an   aided   in 

in    by    ll  i  edinj;    from    the 

fanorr.     In  >li  m    ehangi      in    Ihe 

■  ded.  as  u .  II  as  the  waste  >>f  fuel  due 

cuts  showing  this  boiler,  the 

rial  ftirnai  cs,  and  ->  indicates 
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"Galloway"  Tubes. — These  tubes  are  connected 
across  the  flues  as  shown  in  Fig.  6,  and  not  only  con- 
tribute to  strengthen  the  flues,  but  they  add  greatly  to 
the  heating  surface,  and  greatly  promote  the  circulation 
of  the  water  to  be  evaporated. 

These  Galloway  tubes  were  the  first  step  towards 
the  development  of  what  is  known  as  the  water  tube 

boiler. 

In  order  to  fully  realize  what  an  important  step 
these  tubes  form  in  the  development  of  the  steam  boiler, 
it  is  sufficient  to  say  that  there  can  be  no  steam  evap- 
orated from  water  in  any  useful  quantities,  where  there 
is  no  circulation  of  the  water  itself.  It  is  the  rising  of 
the  heated  particles  of  the  water  to  the  top,  and  the 
descent  of  the  cooler  ones  to  the  bottom  upon  which  the 
formation  of  steam  depends.  It  is  therefore  absolutely 
necessary  that  there  be  some  circulation  of  the  water  in 
all  boilers,  and  the  efficiency  of  the  boiler  depends  to  a 
peat  extent  upon  the  proper  circulation  being  afforded. 
The  greater  the  circulation,  the  more  rapid  the  evapora- 
tion, and,  to  a  large  extent  the  greater  the  efficiency  of 
•he  boiler.  The  Lancashire  boiler  was  the  first  boiler  in 
which  an  attempt  was  made  to  secure  a  proper  circula- 
tion, and  while  the  method  pursued  was  most  primitive, 
't  marked  a  great  advance  in  stationary  engineering. 

The  Lancashire  boiler  fitted  with  these  Galloway 
tubes  is  shown  in  Fig.  5,  together  with  the  numerous 
hoiler  attachments,  which  added  both  to  its  safety  and 
economy.  The  cut  represents  a  longitudinal  section  of 
the  boiler  together  with  these  fittings.  There  are  two 
safety  valves  shown  on  top  of  the  boiler,  one  being  3, 
which  is  of  the  dead-weight  type  and  which  will  be  de- 
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scribed  hereafter:  and  4.  being  a  low-water  safety  valve, 
last  valve  is  operated  by  means  of  a  lever  and  1 
h  arc  attached  to  a  float,  which  rests  on  the  surface 
;.  i"  n    !u   water  sinking  below  us  proper 
level,  the  Boat  also  sinks,  causing  the  valve  to  open,  thus 
allow  9cape  and  giving  an  alarm.    5  is  the 

ihole  with  its  cover  plate,  which  manhole  admits  of 
the  interior  of  the  boiler.     6  is  the  mud  hole 
through  which  iment  accumulating  along  the  bot- 

tom nf  the  boiler,  is  raked.    7  is  the  damper  and  8  the 

1  in    the    fruiii    .if    the    bnil.-r    ate    attai  hi  tl 

e  gauges,  the  wa  iges,  and  the  furnace 

door,  as   well  as  the  feed   pipe  and  the  blow-ofl   pipe. 

There  arc  also  two  iron  doors  bj  which  access  may  be 
gained  to  the  two  lower  external  flues  for  cleaning  pur- 
pose*. 

Advantages. — Tin     Galloway,   <"     Lancashire    boiler, 

ailed,  is  considered  a  most  economical 

toiler,  both    m    this  country  and   in    England.     A   great 

■  xhausti  and  experiments  have  been  made 

with  this  boiler,  and  its  great  worth  is  universally  re* 

Defects. —  The  disadvantage  of  this  boiler  is  the  diffi- 

ecuring  adequate  space  for  the  two  turn 

*ithoul    undul]  the   diameter   of    the   shell. 

the  furnaces  arc  too  small,  there  cum. it  be  com- 

lustion  owing   to  the  cold  crown  plate  of  the 

ling  in  o  i'-h  the  heated  furnace;  while 

arrow  spi  the  fuel  and  the  crown  sheet 

•ermit  of  the  proper  quantity  of  air  being  sup- 

Bod  above  the  fuel  necessary  foi  ,  ombustion. 
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MODERN  TYPES  OF  BOILERS. 

Modern  Boilers. — The  development  of  the  modern 
types  of  boilers  from  the  Lancashire,  or  Galloway  boiler, 
was  but  a  short  step. 

It  was  soon  found  that  the  placing  of  an  internal 
flue  in  the  shell  not  only  greatly  increased  the  heating 
surface,  but  added  to  the  strength  of  the  boiler,  so  addi- 
tional flues  were  added ;  and  as-  the  number  of  the  flues 
were  increased  it  became  necessary  to  decrease  their 
diameter,  until  finally  the  present  types  of  horizontal 
tubular  boilers  were  produced. 

Upon  decreasing  the  diameter  of  the  flues,  they  soon 
became  too  small  to  be  used  for  furnace  purposes,  and 
the  furnace  was  then  placed  on  the  outside  of  the  shell, 
making  the  boiler  an  externally  fired  boiler. 

From  the  placing  of  the  furnace  either  inside  or  out- 
side of  the  shell,  all  steam  boilers  are  divided  into  two 
principal  classes,  viz.:  (i)  Internally  fired  boilers,  and 
(2)  Externally  fired  boilers. 

Classes  of  Boilers. — All  steam  boilers  are  further 
divided  into  two  classes  according  to  the  course  taken 
by  the  gases  after  leaving  the  furnace;  one  class  being 
composed  of  (1)  shell  or  fire  tube  boilers,  in  which  the 
hot  gases  pass  through  the  flues  or  tubes,  thus  heating 
the  water  which  surrounds  them:  while  the  second  class 
are  composed  of  (2)  water  tube  boilers,  in  which  the 
gases  pass  around  the  flues  or  tubes,  and  in  this  way 
heat  the  water  which  fills  the  tubes. 

Multitubular  Boiler. — The  continual  increase  of  the 
number  of  flues,  or  tubes  as  they  arc  called  when  less 
than  6  inches  in  diameter,  developed  what  is  known  as 
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multitubular  or  return  tubular  boiler,  in  which  there 
inch  tubes,  or  84  4-inch  till 
lile  the  ip  and  diameter  of  these  tubes  vary, 

1  ncrally   used    in 

nl  it  ions. 

Number  of  Tubes  Usually  Put  in  Return  Tubular 


Boilers. 
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64         54        60  62  54  44 

72        54        66  88  66  54 

92        72        72  124  86  70 

78  132  100  84 

ited   in  Figs.  7  and  8. 

■     [ion  of  same. 

t  is  the  in  ilar  form  of  boiler  in  general  use. 

many   advantages  over  all   other   types,   the 

whi  cheapness. 

ntages. — Its  principal  advantages  arc  its  steady 

ility  and  adaptability  to  any 

Principal      Disadvantages. — (1)     Its     lack     of 


Jt«  wing  to  the  large 

f«f  water  to  be  heated  : 
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The    i.  >f  the  lubes  ..r  flues  to  rupture. 

the  larg<  tei  necessary  for  san* 

Fhe  amount  <>f  space  i  «  boiler  set- 

Furnace. — It  is  usually  an  externall)  fired  boiler,  the 
furnace  being  entirely  outside  of  ihe  shell  of  the  boiler. 
Construction. — The     boiler     itself  of     a 

immght   ii  :  cylindrical  shell,  which  it  filled 

he  tubes  or  flues  terminating  in  the  Iwo  flal  '•mis. 
into  which   tl"  i  xpanded.    About  one-third   ihe 

Jume  Hi  ihe  boiler  is  occupied  by  the  steam,  the  other 
-thirds  I  iter  space  in  which  are  the  tub*  9 

In  order  to  prevent  the  burning  of  these  tu 
Iter  line,  that  is  the  line  at  which  the  water  should 
be  carried   in  the  boiler,  is  about  two  inches  above  the 
>w  of  all  the  tubes  or  flues.      I'he  portion  of  the 
boiler  below  the  water  line  arc  stayed  by 
ml  that  above  the  watei  line  is  staved  either 

Is,  or  b  i   Staj   I.      The   boiler 

.illy   supported   by   brackets   riveted   to   the  shell. 
The  front  brackets  are  usually  fixed  in  the  side  walla  on 
•  .  but  the  rear  bra  hould  be  so  arranged 

move  upon  rollers,  so  that  the  shell  cannot  be 
d  by  ili-  on  and  i  mtraction  of  the  plates. 

The  feed  pipe  may  entei  either  at  the  fr.nii  or  rear 
ier.  but  it  should  terminate  in  a  per- 

forated pipe  below  the  water  line.  The  blow  off  pipe 
"i  at  the  rear  of  the  boiler,  this  being  the  lowest  point 
of  the  a  boiler  is  usually  set  with  a  slight  in- 

'linati  ird  the  rear  so  that   the  sediment  will  col- 

lect near  the  blow-off  pipe.     This  pipe  is  also  often  used 
it,  and  to  empty  the  boiler. 
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Heating  Surface. — In  this  type  of  boiler,  the  heating 

wmce  is  composed  of  about  one-half  of  the  shell,  to- 

v.  ith  the  inside  of  all  the  tubes  or  lines,  and  about 

WKhirds  of  the  two  I  ads  or  tube  sheets,  as  these  sur- 

itfl  the  fire  and  heated  gases,     ll 

fori    BCCfl   that  all  the  heating  surface  is  below 

thr  wa 

.i  line  and  of  a 
toiler,  i"  which  t  section  of  a  flue 

Vnltr.  and  a  thai  <>f  a  tubular  boiler. 

Locomotive      Boiler. — Xext     to     the     multitubular 
•c  boiler  is  used  in  thi  »orc 

•ly  on  railroads, 
used  as  a  stationary  iHiiler. 
Construction. — The     general     construction     of     this 
ind  io.     The  front  part  of  the 
while  the  rear  part  which  contains 
fun  of  I  rectangular  shape.     A  space  is   left 

I  the  shell  ami  the  end  <>f  the  furnace, 
:    filled   with   water  ami   is  known   as  the 
,,:   tin    boiler.    A  number  of  tubi  -  >  xtends 
f  the  furnsc, ,  >x  as  it  is 

the  front  head  of  the 
upported  at   the   front  end   by  a 
natron  cradle   which  rest  n   usually 

The  rear  end   is  support.  1   upon   a 
.  h  also  he  ash  i>it. 

»on    pass    directly    from    the 
i     •!..    tubes  to  the  smoke  box  and  thence 

Forced  Draft. — In  \<  on  r.ulr. ....l-  ..  i  ■■ 

by  causing  the   exhaust  steam  from 


I 


STATIONARY  ENCINEKRl.NG. 


4'J 


cylindc  be    discharged    into    the    chimney    by 

uns  of  a  pipe  called  the  blast  pipe,      \t  each  dtschargi 

up  i  In-  chimnej  -  Ihe 

lit  UUl    in    froitl    of    il.   causing   a    |>;irli;:l    vacuum,    v. 

can  onl  supplied   by   lite  air   rushing   through   the 

furnace  and  the  tubes,  ihus  causing  the  ''.raft. 

Advantages. — The    chief    advantages    of    this    boilei 

lomv  ami   its  case  of  installation. 
Disadvantages. —  It-    disadvantages   are.  tin-   tr. 

m  and  inspecting  it.  ami  the  difficulty  of 
airing  same. 

The  Vertical  Boiler. — Tin-   type    i-  simply  a  modi 
the  k>c<n  i   placed  on  end       \  com- 

i-  shown  in 

.    u       This   hoili  i  is   of   a    cylindrical    shell 

:     an    internal    circular    fire    box    or    furnace.     The 

f  the  tubes  arc  expanded  int..  the  upper  head  of 

ical  shell,  and  at   the  bottom  into  the  top,  or 

furnace.     The  grates  arc  supported 

internal  wall  of  the  fire  box.  The 

the   boilei    is   made   ■  iape     in   the   center  of 

placed    the    chimnej      which    i      f cd    of   the 

wrought     iron     plates.      I'lu      furnace,     which     i-. 
i  of  this  shell,  is  entirely  surrounded 
■•  i he  h'  itfi  m  m  which  is  placed  the  R 
in    of    tin     lubes    determines    whether    the 
i    lube  boilei   as  shown   in    Fig.   1 1, 
viimelimi  I ;  >>r.   I  -• )    A   sub 

own    in    Fig.    <-       'he    I; 
prefer:  bl<     l>u 
Use. — These   I     ilers    ire   used    where     loot    spaci 

ad  then  height.  While  in  general 
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are  not  as  <  her  types  of  boilers, 

they  are  becoming  mop  ally  used  owing  to  their 

'thcr  good  quali 
Principal  Advantages. — (|)  Entirely  sell  contained. 
(2)     The  small  amount  space  required. 

1.0     Base  of  installation. 

(4)     Portable  character,  permitting  them  to  be  re- 
i    .in   place  to  another  with  case  and  dispatch. 
15)     Their  extreme  simplicity. 
(6)    Tip  cost,  and  durability. 

Principal  Disadvantages. — (1)     Then  lack  of  safety. 
(a)     Waste  of  fuel  owing  to  short   travel  "f  the 
gists,  and  lack  of  propel  circulation. 

Water  Tube  Boilers. — Figs,  13,  14,   ij  and   16  illus- 
non  types  of  water  lube  boilers.     In  such  a 
f*'iler  the  watei  circulates  through  ;>  series  of  tubes  of 
t'lmpa:  which  c<  ate  with 

Mier   and    with  a  common   steam   chamber.     The 
ide  to  circulate  between  them, 
are  usually  forced. by  baffle  plates  or  walls,  to  be 
act  equally  on  all  parts  of  the  tubes  before  being 
up  the  chimney. 
While  there  are  man  ■!'  this  type  of  boiler, 

'he  ab>  ription  constitutes  the  essential  prim 

m  all. 
In   tin    i..:-.t    forms  of   these   boilers,   they   arc   sus- 
pended   entirely    independent    of    the   brick    work    from 
iit  iron  jjird*  ing  on  iron  columns. 

Advantages. — (1)     Safety    from    explosions,    owinp 
to  the  content*  of  the  boiler  hcing  divided  up  into  small 
Ughoul    the    water   tubes,    water   legs    and 
steam  Should  there  be  a  rupture  in  the  tubes,  or 

any  part  of  the  boiler,  only  the  immediate  contents  will 


flame 
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Sectional  View  of  ■  Vertical  Plre  Tuba  Boiler. 
Fig.  u 
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Bled.    instead   of  the  entire   mut  of  water  and 

The  much    smaller    diameter 

if   thej     ■•■  er«  only  a   few    in 
iln  \     <, in    he    made    mil<  li     -mailer    and    hence 
r,  ami  then  upturc. 

contents  being  held  in  small 
nstead  "i  in  ■  large  mas;  ol  watei    thej  pos- 
■  i  am  tag  qualities.  . 
Disadvantages. — (I)     They    require    more    masonry 

than  shell  hoil- 


M  small  quan- 
:hk  is  apt  to  cause  a  violent  genera- 
rtden  fluctuations  of  pn  ssun 
in^  and   the  rerheating 

'■'.  ie9i 

type  of  boiler   is  very   susceptible 
»nin.  h  form--  in  tin   tubes  at  times 

Internal  Furnace  Boiler. — The  types  of  boilers 
I    been     Internal    Furnace 
hi     exception   of  the    Horizontal    Return 
i  lie  Boilers,  but  none  of  them  arc 
■  haracter  of  their  furnace  alone. 
.!    to.  illustrate  on  the  contrary  what 
n*n  a-   the    Internal   Furnace  Boiler,  the  character 

ng   its  most   prominent   feature, 
dtanuges. — The    chief  advantaRe  of  this   type  of 
is  the  economy  of  first   cost. 
t>j»  **#ell  '  that  is.  they  are  independ- 

■  nry  set'  i  iron  fronts,  buckstays. 

cquire   but    little  founda- 
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A  Veil  leal  Fire  Tube  Boiler  With  Submerged  Tube 
FlK.  IS. 
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dm,  and  arc  susceptible  of  being  easily  removed  trorn 
ok  location  to  another.  . 

They  are  also  capable  of  carrying  an  extremely  high 
steam  pressure  and  are  at  the  same  time  steady  steamers. 

Owing  to  the  furnaces  being  entirely  surrounded  by 
water,  the  heat  of  combustion  is  utilized  to  a  greater 
extent  than  is  practical  with  external  furnace  boilers. 
These  boilers  are  extremely  economical  in  the  consump- 
tion of  coal,  not  only  for  the  above  reasons,  but  owing 
to  the  absence  of  all  brick  setting,  which  settings  usually 
crack  amd  allow  the  heat  to  escape,  and  the  cold  air  to  enter 
the  furnace  and  combustion  chamber. 

Disadvantages.— -The  principal  disadvantages  of  this 
type  of  boiler  is  the  short  travel  of  the  gases,  thereby 
permitting  them  to  escape  at  too  high  a  temperature  up 
the  stack. 

The  circulation  is  also  defective  owing  to  taulty 
construction,  and  the  improper  distribution  of  the  heat- 
ing surface. 

Dry  Back. — This  boiler  is  a  modification  of  what  is 
bown  as  the  Clyde  or  Scotch  Marine  Boiler  and  is  often 
a!kd  a  Dry  Back  Scotch  Boiler  from  the  fact  that  the 
combustion  chamber  is  not  surrounded  by  water. 

The  Marine  Boiler. — This  boiler  as  illustrated  in 
Fig.  20,  consists  of  a  large  cylindrical  shell  (i),  the  ends 
«' which  are  closed  by  flat  heads  (2),  a  large  flue  (3) 
«the  corrugated  type,  known  technically  as  the  Mor- 
mon Suspension  Furnace  Flue,  extends  the  entire  length 
•^  the  boiler  and  is  securely  riveted  to  the  two  heads, 
«6ich  are  flanged  inward.  Above  and  around  this  large 
'wand  below  the  water  line  is  a  nest  of  tubes  (4)  which 
fflrad  from  head  to  head.  The  front  ends  of  these  tubes 
open  into  a  smoke  box  (5)  that  connects  with  the  chim- 


Cross  Section*  of  Horizontal  Flue  and  Tubular  Dol 
FIs,  13. 
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I  In-    llat    heads    arc    stayed    by    the 

-  » 7  i  which  are  in  the  su  am  space,  ami  w  hit  b 
mi  ill.  ads. 

The  i  'in-  ilai  lu  ads  arc  supported 

icpanded  and  then  beaded 
;  : in-  furnace  flue.    The  furnace  (8)  is 

ffced  within   the  furnace  Hue  an«l  consists  of  the  usual 
ash  ami  bridge  (11).     The  jjasc 

■  rear  into   the  combustion  chain- 

ind  then  pai  ugh  the  tubes  to  the  front 

e  smoki    boiCi     Thi  I  the  combustion 

I  t"  eacl  and  (••  the  shell  plate 

tber  oi  back  befc 
lumber  and  the  shell  of  the  furnac< 
making  it  a  "Water  back"  boiler,  which  it  the  es- 
differeno  l  and  the    'Dry  back"  boilet 

ork. 
■  I  feel  in  diameter  usually  hav« 
three  furnaces,  while 
-  mail  steamer*,  often 
uiictcr.  have  four  furnaces. 
Summary. —  All  boilers  can  therefore  be  divided  into 
ary.  Locomotive  and  Marine; 
Flue,  Tubular.    Water 
tical,  and  Nfarii  i 


BOILER  MATERIAL. 

Dotructive  Forces. — I  lime  the  steam  boiler 

beted  until  nally  destroys    there  are  num- 

nuallj   a1  woi  k   which  tend  to  weaken 
gents,  attack  the  boiler  both  from 
n   tin    inside,  and  in   consequence  the 


c 


. 


ick  is  most  insidi- 
&  jtv.!  unless   car>  II   finally  destroy  the 

Urngih  of   ih.  uspectcd   that 

■  :  hand  there  is  nothing 
mi  (  1. 1  replai  ■  its 
■.  ithout  and    (he   water   within 
lestructive  agents.     The 
(I  within  the  boiler  contains  in- 
the  metal  from  the  time 
I  it  is  evaporated 
injuriou  lients, 

in    th«  .vhich 

ih-Is  which  arc   hnmed 
injurimi!  which 

i-  of  the  shell.     Among  the  most 
I  tin  n  fuel  arc  tin  sulphurous 

■  taincd  in  the  fuel.      I  hese  forces  art- 
)rk  when  the  boilci  is  in  use,  but  also  when 

w  necessary 

i  11  of  a  boiler,  and  why  it  i> 

d    firemen   should   be 

the  only  loss  in 
n  <>f  a   I  ->  a   finan- 

ider  lln  |ienl 

at  any   ti  •  .i!:-   and   de 

(||)  hi   sin- nl, I    | hi  ikened   l)i 

Id  an   inc«m|><  t<»t    |«ers->n    lie 
•  ■an  understand  win    il    i-    Ihal 
all    inn,  ■     ,■  itli 

l>\    tin     n 
lb**.  • 
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i  in-  material  selected  for  the  construction  of  boilers 
must  not  only  be  of  great  strength,  but  also  must 
elastic  and  durable. 

Cast  Iron  was  the  material  of  which  tin-  earliest 
Forms  Of  boilers  wen:  made,  but  it  has  been  entirely  ili- 
earded  in  the  construction  of  the  modern  high  pressure 
boilers,  and  now  only  used  in  low  pressure  boilers  for 
heating  purposes  where  the  steam  pressure  carried  rarely 
exceeds  15  pounds  to  the  square  inch. 

This  <s  due  to  its  low  tensile  strength  and  its  un- 
reliable nature,  it  possesses  the  advantage  of  cheap 
ness  and  qualities  to  resist  corrosion,  and  while  it 
been  found  unsuitable  for  boiler  use  it  is  still  largely 
used  in  the  construction  of  feed  water  heaters  owing  ti  • 
its  value  in  resisting  corrosion.  It  is  also  used  for  boiler 
fittings  where  no  great  strength  is  required,  and  where 
they  arc  not  exposed  to  the  heated  gases  from  the  fur- 
nace. 

Wrought  Iron  was  largely  used  up  to  about 
.mil  possessed  many  advantages  over  any  other  metal  to* 

boiler   use.      Il    is   strong,   tough    and    fibrous,    and  com- 
bines high  tensile  strength  with  great  ductility  and  fre 
dom  from  brittleness. 

Steel  is  now  accepted  as  the  best  metal  for  all  etial 
aeter  of  boilers,  and    it    has  entirely  displaced  both  C 
and  wrought   iron  for  boiler  work.     It  has  great  tensile 
strength,    ductility,    toughness    ami    freedom    from    mi 
soundness.     Boiler  steel  is  made  by  the  open  hearth  pro- 

.  and  Contains  from  .15';  to  .25%  carbon.  While  a 
larger  per  cent  of  carbon  increases  the  tensile  strength 
of  the  metal,  it  lessens  its  ductility. 


nill- 


A  Trim  of  a  Water  Tubo  Boiler 


A    Type   «'   »    Waltr   T 

i.;. 
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1  ml    that  who  works 

•i   charge     il    a  steam    boiler,   should   know 
something  about    the    different    pro  of    iron    and 

steel. 

Ingredients. — Common  i.il  iron  and  steel  are  metallic 

:   ingredient  of  which    i-.  the   elei 

.    pure  iron,  of  which  they  contain   from 

:'/(.     The  difference  between  iron  and  Btcel   is 

ia II)  ■  luc  positii 'ii  and  pn i|K>rtion  of  ilv- 

remaining  ingredient*. 

Iron    Ore    from    which    both    these    metals    an 
i  65%  of  iron,  the  balance  be- 
horns,   sulphur,  silica,  and  other  iui 
is  charg*  il  in  a  blast   furnaci 
«ith  lime  -  and  melted  down  with  either 

charcoal,   coke,   or   anthracite    coal    as    a  fuel.     The    re- 
metal  obtained  is  what  is  comm<  rcially  known  .1 
Pig  Iron,   1  about   93^    of    pun  ',■    to 

carbon  and  a  trace  of  silicon,  phosphorus,  sulphur, 
«tc    This  pig  idrie<    foi    the    manu- 

fwtiire     A    iron  igs,   by    simply   rcmclting   it    in    a 

Which  :  lerialU    change    Us    chemical 

Its    ii.  in-   a    closer   grain   and 
t»th. 
In  the  manufacture  of  Wrought  Iron  the  pig  iron  is 
rclte<l  in  so-called  puddling  furnaces    by  charging  about 

while    in    the    molten 

rod  tip   with   long   iron   hooks  by   the  pud- 

[Kirl  of  the  iron  bath  lo  lhc  ac- 

n  order  to  burn  otit  the  carbon.     This 

"readily  d  arbon  is  nothing  more  than  pure  coal. 
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■  •in-    who   works 

m lii    know 

•  •i    iron    arid 


redients. — I  metallic 

'>('    which   is    the    element 
■.  In<  h   they   contain   from 
in  m   and   steel  :- 

:  !  ,,n,|   J  ii  i  >]  >•  ■   ii.  .11   ol   tli 

■  Iron    Ore  I h   these    metals   arc 

ilancc  he- 

sulphur,  ml   other    im 

.  mixed 

lux  and  melted  down   u  it  Ii  eithi  i 

anthracil  a.-,   a  fuel.     The    rc- 

rcially  kn-.wn  a> 

:'<■   of   pun     iron,    3°<     to 

'i  us.  sulphur, 

I  in   foum  f..r  the   mami- 

rcmclting   it    in    a 

ngi    its    chemical 

i  loser  grain  and 

:th 

Wrought  Iron  the  pig  iron  is 
by  charging  about 
nd,    whih     in    the    molten 
iron  hook-  by   ih>-  pud- 
irt  of  the  ii  hi  hath  t<i  the  ac- 
ini ...11   the  carbon.     This 
more  than  pure  coal. 
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gu  i  .it lire,  over  tooo  degrees  Fahrenheit  bc- 
he    combustion  chamber,  by  passing  them 

bmqcfa  regenerative  chambers.  Owing  u>  this  heating 
an*  gas  and  air  a  very  high  temperature  can  be  main- 
tan]  in  the  furnace.  To  the  molten  metal  certain 
Amah  are  addcil  to  keep  it  in  a  state  of  agitation. 
A*h  takes    the    place  of  puddling  or  stirring  it. 

Cementation   Process. — The  oldest  method  of  mak- 

Hone-  tool  steel  is  by  the  cementation  process, 

the    wrought    iron  bars  an    packed   in   air-tight 

h  powdered  charcoal  between  the  liars.     The 

led  arc  then  placed  into  a  cementation  fur- 

ept    red   hot  for  several  days,  during  which 

II    will    absorb  about    one  and  one-half   per 

ighl  "i  carbon. 

ble  Castings  are  produced  in  just  the  reverse 

■  •mentation    pre 

taking  wrought  iron  and  adding  carbon 

packed  in  similar  retorts  with 

iti    Te.  and  kept  red  hot 

permittini  «j  g<  n    if  the  or.-   i.. 

in  the  iron    thus  ,  xtracting  the  ca 

largely    used   foi    boiler   fit- 
ermittcd.  although  the  la 
.;   g«»M|  boiler  practice,  require  all  fitting* 

I    i    employi  il  in  the  i  onstructi i  boiler 

San\(  %a  two  iptalitii       lhal    ..■  i    absoluti  Ij 

render  them  sal 

'i  Tensile  strength  ami  ductility. 
«ule  Strength. —  By  tensile  strength  is  meant  the 
•i     which,  steadily   and    slowly  applied   in 
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a  line  with  the  axis  of  a  metal,  just  overcomes  the 
hesion  of  the  partickSi  and  pulls  it  into  separate  par 
Ductility. — This   is    the   property  of  a    metal  wr, 
permits  it  to  !-■  <  xtended  l>_v  a  pulling  or  tensile  force  I 
remain  extended  after  the  force  is  removed.     The  gr« 

the  permanenl  extension,  the  more  ductile  the  metal. 

The  tensile  strength  must  he  MitTieient  to  withal 
the  stress  duo  to  the  pressure  of  the  steam,  and  the  di 
tility  must  be  sufficient  to  prevent  cracking  by  uneOJ 
expansion   and    contraction   from    frccpicnt    heating 
cooling. 

The  one  metal   which  possesses  these  two   pr 
ties    above   all    others,    is    steel,   and    it  is    therefore 
metal   universally  adopted   for   the   construe: 
boiler  shells,  and  for  most  of  the  fittings. 

Requirements. — The   manufacturers  of   boiler    plj 
arc  required  to  stamp  the  tensile  strength  of  the  pli 
at  the  corners  of  each  sheet  or  plate,  about  4  inches  fr 
its  edge,  and  at  or  near  the  center  of  the  plate;  also 
name  of  the  manufacturer  and  the  place  where  the  pi 
is  manufactured.     Each  plate  has  a  coupon  attached 
be   cut   off  and    used    for   testing   the   material.     Ev 
plate  is  numbered  and  recorded,  and  in  this  way  a 
plete  oversight   is   kept   of  every   plate   used   in    the 
struct  ion  of  a  boiler  from  the  time  the  iron  ore  is  inel 
to  the  final  inspection  of  the  boiler  when  complcttd 
ready  to  be  fired. 

STANDARD     SPECIFICATIONS     FOR     SPECIi 
OPEN-HEARTH   PLATE. 

Adopted  by  the  Assn.  Am,  Steel  Man  ti  fact  tin 

17,  1. 

Steel  shall  In-  of  four  grades     Extra  Soft,  Fire 
Flange  or  Boiler,  and  Boiler  Rivet  Steel. 


m*ffmiM*r  sxamooaira 


Soft  tosL    Ultimate  strength,  45,000  to  55** 

per  square  inch.  Elastic  limit,  not  less  than 

the  ultimate  strength.    Elongation,  aft  per  cent. 

I  Quench  bends,  180  degrees  flat  on  itself,  with- 

fractnre  on  outside  of  bent  portion.    Maximum  phos- 

m,  434  per  cent;  maximum  sulphur,  .04  per  cent 

Ike  Box  SteeL— Ultimate  strength,  52,000  to  62,000 

per  square  inch.  Elastic  limit,  not  lens  than  one- 

the  ultimate  strength.    Elongation,   a6  per  cent 

and  Quench  bends,  180  degrees  flat  on  itself,  with- 

hacture  on  outside  of  bent  portion.    Maximum  phos- 

.04  per  cent;  maximum  sulphur,  .04  per  cent 
Flange  or  Boiler  Steel.— -Ultimate  strength,  52,000 
to  62,000  pounds  per  square  inch.  Elastic  limit,  not  less 
fan  one-half  the  ultimate  strength.  Elongation,  25  per 
cert.  Cold  and  Quench  bends,  180  degrees  flat  on  it- 
self, without  fracture  on  outside  of  bent  portion.  Maxi- 
mo phosphorus,  .06  per  cent;  maximum  sulphur,  .04 
percent 

Eyery  finished  piece  of  steel  shall  be  stamped  with 
■t  melt  number. 

Rivets  and  Riveting.— In  the  construction  of  a 
Wer,  the  following  is  the  usual  order  of  operations  in 
fcshop:  (1),  the  flat  plates  from  the  rolling  mill  are 
at  or  sheared  to  the  desired  size ;  after  being  sheared 
they  are  placed  in  a  machine  that  smooths  the  rough 
«4ps.  Next  the  rivet  holes  are  punched,  or  drilled,  at 
4t  required  distances  near  the  edge  of  the  plate.  The 
lute  is  then  passed  through  large  rolls  and  bent  to  a 
nfindrical  form  in  such  a  way  that  the  corresponding 
»et  holes  in  the  two  edges  come  directly  opposite  each 
■tier.   One  or  two  bolts  are  put  through  these  holes 
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to  hold  iln    edges  together,  ami  the  plate  is  then  rive 
The  heads  are  next    flanged  and  riveted  in  place.     A 
the  riveting  is  completed,  the  tubes  or  flues  arc  put 
and  expanded,  the  stays  Mid  braces  arc  put  in  place, 
the  boiler  is  ready  to  be  installed. 

Riveting. — Rivets  arc  used  both  in  the  longitud 
ami   the  girt,  or  circular,  scams  of  the  boiler;  but  it 
the  longitudinal  seams  which  require  the  most  strcngt 
to  hold  them  together,  as  the  pressure  upon  the  sbd 
tin    boiler  is  far  greater  than  on  the  heads,  there  be 
much  more  surface  exposed  t"  the  pressure  of  the  stca 

Internal  Forces. — The  cylindrical  shell  of  a  boi 
is  subjected  to  tWO  internal  forces  which  tend  to  rupti 
it.  as  is  illustrated  in  Fig.  21.  One  force,  indicated 
the  two  arrows  (  li.  act  in  the  direction  of  the  lengt 
which  tends  to  tear  the  shell  as  shown  by  these  arro1 
This  stress  must  be  borne  by  the  heads  of  the  shell, 
is  therefore  upon  the  circular  or  girt  scams.  Tin 
force,  indicated  b)  the  arrows  (2).  acts  perpendicular 
the  axis  of  tin-  first  force,  and  tend  to  rupture  the  bd 
in  a  longitudinal  plane,  that  is,  lengthwise  of  the  sh 
This  stress  i-.  borne  by  the  shell  of  the  boiler,  and 
therefore  upon   the  longitudinal   seams  01    joint-. 

These  two  forces  are  opposed  I",    tin    strength 
tenaeits    of  the  material  of  which   the  shell  is  compos 

It  can  be  shown  by  mathematicians  that  the  m 
tude  of  the  force  tending  to  rupture  the  shell  in  a  lot 
tudinal   plane,  that  is,   along   the   longitudinal   -ram- 
joints,  is  equal  to  the  internal  diameter  of  the  shell 
tiplied  by  the  length  multiplied  bj  the  pre  sure      It 
been   further  proved  that  the  circular  or  girth   e>i 
..    boiler   need    only    be   single    riveted,    while    the    Ion 
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Stresses  on   Boiler   Shells. 
Fig.  21. 


A  Lap  Joint 
Fig.  22. 
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tudinal  seams  must  be  double  riveted,  triple  riveted,  or 
even  quadruple  riveted.  When  the  longitudinal  seams 
are  made  extra  strong,  as  when  they  are  made  butt  joints 
with  two  cover  plates  and  triple  riveted,  the  girt  seams 
are  then  usually  made  double  riveted  as  an  extra  pre- 
caution. 

Stresses. — Riveted  joints  may  fail  in  several  ways: 
First,  by  the  rivets  shearing.  Second,  by  tearing  the 
plate  in  a  section  between  the  rivets.  Third,  by  the 
cracking  of  the  plate  between  the  rivet  holes  and  the  edge 
of  the  plate.  Fourth,  by  crushing  the  plate  or  rivets 
where  they  are  in  contact.  All  stresses  upon  boilers 
may  therefore  be  resolved  into  three  kinds,  viz. :  Tensile, 
compressive,  and  shearing. 

Shearing  Strength. — By  shearing  strength  is  meant 
that  force  which,  if  steadily  and  slowly  applied  at  right 
angles,  or  nearly  so,  to  the  line  of  the  axis  of  the  rivet, 
causes  it  to  separate  into  parts,  which  slide  over  each 
other,  the  planes  of  the  surface  at  the  point  of  separa- 
tion being  at  or  about  right  angles  to  the  axis  of  the 
rivet. 

Strength  of  Boiler. — The  strength  of  the  longitudi- 
nal seam  in  all  forms  of  boiler  shells,  determines  to  a 
great  extent  the  pressure  which  the  boiler  is  capable  of 
carrying  with  safety.  It  is  the  object  therefore  of  all 
boiler  constructors  to  make  this  seam  as  strong  as  pos- 
sible. To  do  this  there  arc  numerous  forms  of  riveting 
and  constructions  of  joints. 

Rivets. — Rivets  arc  usually  made  by  forging  from 
round  iron  bar  or  mild  steel,  with  a  cup,  conical  or  pan- 
shaped  head.  The  cylindrical  part,  called  the  shank,  is 
a  little  smaller  and  has  a  slight  taper.     The  conical  head 
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»eJ  a  the  form  most  generally  used  in  boiler  construe  - 
OK- 

Formerly  all  joints  of  boilers  were  riveted  by  hand, 

-ting    is    not  almost   exclusively   by   ma- 

(parry.     If  done  by  band,  a  red  hot  rivet  is  inserted  in 

thole  and   the  second  bead  formed  by  two  riveters 

ting  hamn 

The  disadvantages  of  hand   riveting   was  slowness 
ill  a  tendency  to  form  a  shoulder  before  the  rivet  filled 
he  shearing  strength  ->f  steel  rivets  is  about 
lbs.  per  square  inch,  and  of  iron  rivets  about  40,- 
I  ftw   per  square  inch. 


DESIGNS  OF  JOINTS  AND  STAYS. 

Joints. — There     arc     various     forms     and 

of  riveted  join' 

Up  Joints. — If  one  plate  overlaps  another,  as  shown 

F^  .•„•,  11   is  known  as  a  lap  joint.     If  a  single  row 

<•.!  it  is  called  a  single  riveted  lap  joint. 

lot  has  about  56  per  cent  of  the  strength  of  a 

?Ute     If  another  row  of  rivets  is  added,  it  is  called 

I   lap  joint.     Such   a  joint  has  about  70 

Bt  of  the  strength  of  the  solid  plate.     If  still  an- 

of  rivets  is  added,  it  is  called  a  triple  riveted 

joint   has  about  75   per  cent  of  the 

1  of  the  solid  plate.     The  riveting  in  these  joints 

hat  is  known  as  chain  riveted,  i.  c.,  where 

arc  lit  lines  and  immediately  opposite 

riveted  or  staggered,  as  shown  in 

;-zag  or  staggered   riveting,  the  rivets  of  one 
site  the  f  another  row. 

:b  of  Rivets. — In  Fig.  33.  the  distance  p  represents 

•ant  tlic  distance  bc- 
■  center*  of  the  rivet-.     The  diameter  of  the  rivet 
ed  bj  '  ■■    pace  d  in  Fig.  22. 
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Butt  Joints. — If  the  tWO  plates  art-  kept  in  the  sa 
plane  and  a  cover  or  butt  strap  riveted  over  the  joint, 
then  called  a  Imtt  joint.  If  an  inside  butt  strap  is 
added,  it  is  called  a  double  butt  joint,  as  illustrated 
Fig.  23.  A  single  butt  joint  is  about  equal  in  strcn 
to  a  lap  joint  having  but  one  row  of  rivets,  but  a  do 
butt  joint  is  much  stronger.  In  Fig.  23  is  shown  a  sti 
ard  triple  riveted  butt  joint  with  an  efficiency  of  88 
cent.     Sec  Fig.  83  on  page  76. 

Locomotive  Joints. — Fig.  24  illustrates  the  locorn 
tive  joint,  a  combination  of  the  lap  and  butt  joint,  w 
joint  is  used  mostly  for  locomotive  work,  but  has  I 
little  favor  for  stationary  work. 

Lap  joints  arc  used  for  the  circular  or  girth  s 
and  the  butt  joints  for  the  longitudinal  seams.     The 
joint  is  rarely  used  for  longitudinal  seams,  although  tin 
recently  it  was  the  most  popular  form  of  joint,  even 
high  pressure  boilers. 

Regulations. — The  lap  joint  is  now  regarded 
such  disfavor   that  both   the  cities  of  Chicago  and 
Louis  have  within  the  past  two  years  prohibited  its 
in   the  construction  of  all   boilers   to  be  used   in 
cities,  they  requiring  the  use  of  butt  joints  on  all  I 
tudinal  seams.     The  above  cities  require  all  boiler* 
ing  cylindrical  shells  or  drums  of  more  than  42  inch 
diameter,  and  carrying  more  than  15  lbs.  steam  pre; 
to  the  square  inch,  to  have  all  longitudinal  scams  bu 
and  held  together  by  straps  riveted  over  them, 
single  butt   straps  arc  used,  they  must  not   be  I 
thickness  than  the  shell  plates,  and  where  double 
straps  are  used,  each  strap  or  cover  must  be  not  less 
five-eighths  of  the  thickness  of  the  shell  plate. 
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A  Butt  Joint 
Fl«.   23. 
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A  Loeomoe/ro  Jot  at. 
Pig.  34. 


Standard   Triple-Riveted  Butt  Joint. 
Rfflclt;ney  88%.     Rivets  11-16".     Holes  *".     Pitch   3%"— i 

Fig.  23. 
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The  above  regulation  practically  prohibits  the  fur- 

ose  of  the  lap  joint  in  the  construction  of  all  boilers 

he  built  for  use  in  those  cities.    As  about  80  per  cent 

boilers  now  in  use  are  made  with  a  lap  joint,  it 

a  most  radical  change,  but  one  required  for 

tic  safety,  owing  to  the  rapid  increase  in  the 

of  pressure  carried  on  boilers.    This  is  largely 

the  growth  of  electricity,  high  speed  engines,  and 

demands  of  manufacturers. 

principal  objection  to  the  further  use  of  the 

is  the  impossibility  to  detect,  either  by  an  in- 

or  external  inspection  of  the  boiler,  any  fracture 

cock  occurring  along  the  inner  or  outer  lap. 

Since  the  crack,  or  fracture,  does  not  extend  through 

(*urtal  a  leak  is  not  caused,  and  being  under  the  edge 

the  lap  it  becomes  almost  impossible  to  detect  it. 

Again,  the  form  of  the  boiler  takes  a  distinct  de- 

Wtare  from  a  true  circle  where  the  seams  are  lapped, 

is  not  considered  good  practice,  in  that,  in  forcing 

ledges  together  the  fibre  of  the  metal  is  likely  to  be 


This  is  not  the  case  with  the  butt  joint  as  the  true 
r«kk-  of  the  sheets  is  maintained,  without  it  being  neces- 
toy  to  sledge  over  the  edges  of  the  plate  as  is  neces- 
nrr  in  the  lap  joint.  If  the  boiler  plate  is  very  ductile 
it  may  never  give  any  trouble,  but  if  it  is  brittle  it  will 
te  all  the  more  liable  to  sustain  injury  in  this  mauling 
process,  and  it  is  only  a  question  of  time  before  it  will 
yield  and  crack  from  the  repeated  expansion  and  con- 
traction of  the  shell. 

The  crack  usually  develops  on  the  inside  of  the 
joint,  where  it  cannot  be  discovered  even  by  the  closest 
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form  .if  inspection.    While  it  is  true  that  the  interjk 
■a  imii  strapped  joint   is  equally  inaccessible  t<>  i»* 

tioo,  there  is  far  less  liability  of  such  ;u     id     lc^ 

As  -i  boiler  is  no  stronger  than  its  weakest  j»< »int. 
as  the  efficiency  of  the  lap  folnl  has  been  clearly  si 

to  be  much  less  than  that  of  the  butt  joint,  and  in 
of  the  fact  that  probably  7"  lH'r  CCnl  Of  all  boiler  ea 
sions  occur  from  the  use  of  the  lap  joint,  it  is  Only 
that  its  further  use  should  l>e  condemned. 

In  a  72-inch  boiler  with  go  lbs.  pressure  and  ri« 
pitched  2)4  inches,  there  wmild  be  a   force  of  ovei   I 
tons  pulling  on  a  strip  2j/|   inches  wide,  being  one 
in  each  row  of  a  double  lap  joint.     From  this  it  can 
seen  hOW  high  must  be  the  efficiency  of  the  joint. 

Safe  Working  Pressure  of  Boilers. — No  rule  to 
termine  the   safe   working  pressure  of  a  boiler  can 
modern  requirements  which  is  not  based  upon  the 
ciency  of  the  joint.     As  the  strength  of  all  riveted  j< 
employed   in  steam  boilers  is  less  than  that  of   the 
plate,  its  strength  must  be  the  chief  factor  in  all  calci 
:  •  n     or  rules  for  determining  the  safety  of  boilers 

The  rule  adopted  by  the  most  modern  boiler  ma 
and  inspectors,  and  the  one  which  is  undoubtedly 
safest  rule,  is  as  follows,  viz.: 

Rule. — From  the  distance  from  center  to  cent 
the  rivets,  subtract  the  diameter  of  rivet  hole.     Dhi 
the  remainder  by  the  first  number. 

This  result  gives  the  percentage  of  the  solid  plat 

Next,  multiply  the  tensile  strength  of  plate  by 
thickness  in  parts  of  an  inch,  and  this  product  by 
percentage  of  solid  plate. 


INC.. 


79 


Divide  it>:s.  result  by  one  hall  the  diameter  of  the 
boiler,  ami  the  quotient  will  be  the  bursting  pressure 
{<r  square  inch. 

ide  this  1>\  the  (actor  of  safety,  and  it  will  jive 
the  maximum  safe  working  pressure. 

Factor  of  Safety.— Owing  to  the  greal  dangei  from 
itcan  boilers,  every  precaution  must  be  taken  f<»r  their 
safety,  and  a  wide  margin  is  therefore  left  between  the 
ag  pressure  of   a    boiler,  and  the  actual   working 
ire  which   will   be   permitted   cm   same.      Defects   in 
material  and   construction   cannot   always   be   detected, 
wen  with  the  most  careful  inspection,  and  this  margin, 
■v.  the  amount  in  which  the  bursting  pressure  exceeds 
pricing  pressure,  is  called  the  factor  of  safety,  and 
u  ma<!  iently  large  to  cover  any  possible  defects. 

When  ihe  material  and  construction  is  only  modcr- 
i  the  factor  of  safety  should  be  made  as  high 
■■■■'>.  which  means  only  one-sixth  of  the  actual  bursting 
pressure  will   be  permitted  on   this  boiler.     If  the    ma- 
tion  are  good  and  the  boiler  will  prob- 
.  II  cared  for  by  competent  men.  the  factor  of 
nitty  is  then  placed  at  4!  j  or  5.     Most  of  the  large  cities 
country  use  a  factor  of  4.  though  Si    Louis  uses 
Philadelphia  a  factor  of  5. 
Example  of  Application. — What  is  the  bursting  pres- 
sure, per  square  inch,  on  a  boiler  54    inches  diameter, 
plates  li  thick,  tensile  strength  50.000  pounds  per 

*quarc  inch,  pitch  of  rivet1-  31  _  inches,  diameter  of  rivet 
sole*  11  inch? 
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3%  equals  3.125 

5/16  equals     .3125 

yA  equals     .750 


3. 125)  2.375oo( .76  equals  percentage  of  joint  ; 

2.1875  \ 

18750 
18750 


54  inches  divided  by  2  equals  half  diameter  of  boiler. 
50.000      x   .3125  equals  15625.000 
15625.0000    x   .76      equals  11875.000000 
1 1875.000000  equals     439.81  pounds,  or  bursting 
pressure. 

27 
Factor  of  safety  4.5)  439.81 


97.7  lbs.  equals  maximum  work- 
pressure. 

The  rule  adopted  by  the  U.  S.  Government  is  not 
given  here,  as  it  does  not  meet  modern  requirements  for 
stationary  work:  and,  in  fact,  is  antiquated  even  for  ma- 
rine work. 

Staying. — If  a  boiler  were  spherical  it  would  re- 
quire no  stays,  but  the  flat  ends  or  surfaces  in  all  boilers 
must  be  stayed,  otherwise  the  internal  pressure  would 
bulge  them  out  and  tend  to  force  them  into  a  spherical 
shape.  The  first  and  most  important  point  in  staving, 
is  to  have  a  sufficient  number  of  stays  so  that  they  will 
entirely  support  such  flat  surfaces.  The  second  require- 
ment is  to  have  them  so  arranged  as  to  allow  a  free  cir- 
culation of  the  water  in  the  boiler.     The  third  require- 
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tort,  and  naturally  the  most'  important,  is  to  so  arrange 

■  stays  as  to  permit  a  free  and  thorough  inspection  of 

kbouer. 

I  In  the  ordinary  fire  tube  boiler  the  principal  sur- 
as to  be  stayed  are :  the  flat  ends,  crown  sheets  and  com- 
■on  chamber. 

One  of  the  most  common  forms  of  stays  is  shown 

Through  Brace.— This  stay  is  a  plain  rod  passing 
^mgh  the  steam  space  and '  having  the  enda  fastened 
he  heads.    The  ends  are  fastened  in  various  ways, 
simplest  and  best  way  being  to  have  nuts  on  both 
I  of  the  plate,  as  shown  in  the  above  figure. 
Guset  Stay. — This  stay  is  shown  in  Fig.  26,  and 
•ts  of  an  iron  or  steel  plate,  which  is  placed  between 
^|i«  irons  which  are  securely  riveted  to  the  head  and 
ill  of  the  boiler.     The  plate  is  then   riveted   to  the 
[It  irons.    These  stays  are  not  generally  used  in  this 
gantry,  owing    to    their   absence   of   flexibility     which 
a  induces  grooving  and  cracking  of  the  head  plates. 
Crow-Foot  Stay. — The  crow  foot  stay  is  the  most 
method  used  in  this  country  for  supporting  the 
b  of  stationary  boilers.    This  stay  is  shown  in  Fig. 
ad  consists  of  a  round  bar  on  one  end  of  which  is 
Htd  the  crow   foot,  the  other  end  of   the    bar    being 
t  as  shown  in  the  cut.    The  crow  foot  is  riveted  to 
•ad,  and  the  bent  end  to  the  shell.     An  improved 
1  of  crow  foot  brace  is  the  McGregor  brace,  which 
of  a  single  piece  of  sheet  steel,  bent  in  one  heat, 
ft*  weldless,  it  will  bear  a  much  greater  strain  than 
welded  crow  foot  brace.     In  the  Huston  crow  foot 
the  crow  foot  is  formed  by  flanging  the  plate  of 
the  brace  is  formed. 


f 


A  Crow-Foot  Stay. 
Klg.  27. 
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Diagonal  Brace. —  This  brace,  as  shown  in   Fig.  28. 
nctcd  to  angle  irons  by  means 
This  brace  is  not  in  general 

Direct  Stays. — For  large  boilera  carrying  high  prea 
hi ■  I  strongest  way  of  supporting 
a  through    •  Fig.  29  «s  sec- 

I  view  of  a  boiler,  showing  sU  I. races. 


TUBES  AND  FLUES. 

Vie.— Tubes  and  flues  are  used  for  increasing  the 
ice  "f  boilera,  though  they  also  add  strength 
:  boiler  and  assist  in  the  quick  raising  of  steam.  The 
*hrn  used  for  increasing  the  heating  surface  arc 
of  charcoal  iron  or  soft  steel,  and  arc  either  lap 
drawn.     When  the  tubes  exceed  6  inches 
lal  diameter  they  are  called  flues.     While  pipe 
uteil  by  its  internal  diameter,  the  size  <>f  tubes 
<ler  worV  fa  designated  by  their  external  diameter. 

eruioru. — Table  No.  1  gives  the  standard  dimen- 
tubes  in  most  common  use  in  steam  boilers. 
Number. — The  number  of  tubes  used  in  return  tubu- 
irv  with  the  size  of  the  boiler  and  the  condi- 
tion  the  boiler  must  work.     The  number 
usually  put  in  return  tubular  boilers  has  been 
<-n. 
rubes   are    usually    expanded   into-  the   tube 
stay  tubes,  which  are  screwed  in  and  se- 
J  lock  nuts  on  both  sides  of  the  tube  sheet.     Fig. 
'  he  tube  ends  arc  fastened  in  the  tube 
l>cs  are  first  expanded  by  means  of  a  tube 
id  then  beaded  over  so  as  to  make  them  se- 


A  Diagonal  Stay. 
Fig.  28. 


Section  of  Boiler  Showing  Stays  and  Braces. 
Fig.  29. 


j  STATIONARY  ENGINEERING.  85 

cure.  The  manner  of  fastening  the  tube  in  the  tube 
sheets  varies  greatly,  but  the  method  described  above  is 
the  one  most  generally  used. 

Flues  are  usually  riveted  to  the  flanged  heads  of 
boilers  as  is  shown  in  Fig.  31. 

GRATE  AREA,  HEATING  SURFACE  AND  TUBE 

AREA. 

Basis. — The  grate  area,  or  grate  surface,  depends  on 
the  rate  of  combustion,  the  quantity  of  wafer  to  be  evap-  ; 

orated  per  pound  of  fuel  and  the  total,  weight  of  steam 
evaporated  per  hour.  It  can  be  seen  from  this  how  im- 
portant it  is  that  there  should  be  sufficient  grate  area  for 
the  burning  of  fuel  in  a  boiler  furnace.  To  determine 
the  necessary  grate  area  to  be  placed  under  a  boiler,  it 
is  only  necessary  to  know  the  amount  of  steam  the  boiler 
will  be  called  upon  to  generate  to  do  its  work. 

For  example,   suppose   that   a   plant   requires  6000 

1  pounds  of  steam  per  hour.  Assume  that  16  pounds  of 
coal  are  burned  per  square  foot  of  grate  surface  per  hour, 

i  and  that  each  pound  of  coal  will  evaporate  6  pounds  of 
water.  Then,  it  follows  that  the  grate  surface  required 
would  be  6000-7-16x6  equals  62.5  square  feet  of  grate  sur- 
face. It  would  be  necessary  to  divide  this  grate  sur- 
face among  several  furnaces,  since  a  grate  longer  and 
wider  than  six  feet  cannot  readily  be  fired. 

Heating  Surface, — The  heating  surface  of  a  boiler 
is  that  portion  of  the  surface  which  is  exposed  to  the 
action  of  the  flames  and  hot  gases.  This  includes  only 
so  much  of  the  shell  as  is  below  the  line  of  brick  work 
which  closes  in  the  sides  of  the  boiler.  This  line  is 
called  the  fire  line  of  the  boiler,  and   is  always   deter- 
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ling  in  of  the  side  walls,  as  above 
ictl  of  the  boiler  cannot  conic  in  contact  with 
from   the  furnace  or  the  heatcil  gases.     The 
!  heads  of  the  shell,  and  the  interior  surface  of  the 
the  remainder  of  the  heating  sur- 
ii  II  boilers,  the  hcat- 
o    ,-i  water  tube  boilei   i>--in  hai  dif- 

water  tube  boilei  the  heating  surface  com 
i  that ;  pf  the  shell  or  steam  drum  below  the 

work,  the  outer  surface  of  the  header,  and  the 
'surface  of  the  tubes,  as  the  interior  surface  of  the 
»  fillcil  with  the  water  to  he  evaporated. 

I  the  heating  surface  of  a  return  tubular  boiler 
[fallowing  rule  must  be  used 

Rnle.— Multiply  two-thirds  the  circumference  of  the 
li  ngth  in  inches;  multiply  the  num- 
:ih  of  the  tube  in  inches  and  by 
e;  add  to  the  sum  of  these  products  two- 
lies  i)f  the  two  heads  or 
■  -;   from   this    sunt    subtract    twice   the   aiea  of 
-  and  divide  the  remainder  by  144:  the  result 
BCC    in   square   feet.      Some   rules  call 
teJrooc  head,  but  the  bettei  prai  ttct    is  to  take  both 
I  though  the  gases  arc  much  cooled  when  the)    reach 

ftowi  head. 

•  can  be  seen  that  the  greatest  part  of  the 
of   tubular   boilers    is    furnished    by   the 
by  the  direct  heat  of  the  furnace  against 
f«Wl .  erally  supposed, 

io  of  Heating  Surface  to  Grate  Area. — In  order  to 
I  the  I  'ts  from  a  boiler,  it  is  necessary  that 

tapcraturc  of  the  heated  gases  should  pass  into  the 
as  low  a  temperature  as  possible,  as  has  been 
A  large  amount  of  heating  surface  is  therefore 
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SStfy  to  permit  the  hot  gases  time  and  opportunity 
to  give  up  their  heat  to  the  water  before  passing  up  the 
chimney.  The  higher  the  rate  of  combustion,  the  greater 
>>hould  be  the  heating  surface  of  the  boiler. 

In  every  day  work  this  ratio  between  the  heating 
surface  and  grate  area  varies  between  45  and  50,  whi<  li 
means  that  for  every  square  foot  of  grate  surface  I  here 
thotdd  lie  from  45  to  50  square  feet  of  heating  surface  for 
bituminous  coal,  and  36  square  feet  for  anthracite  coal. 

For  example,  should  the  dimensions  of  a  furnace 
U6  feet  by  6  feet  or  36  square  feet,  then  the  heating  BUT- 
face  of  the  boiler  should  be  from  1600  to  1800  square 
Jcet 

Tube  Area. — Since  the  products  of  combustion,  or 

bated  gases  must  pass  through  the  tubes  or  flues,  their 

9  sectional  area,  which  is  called  the  tube 

«M,  must  be  large  enough  to  allow  the  entire  column  of 

itated  gases  to  pass  through  them,   with   little  friction 

Qd  without  interfering  with  the  draft.     But  there  must 

k<  sufficient    friction    to    retard    the   flow  of  gases    suffi- 

Qtntlj  to  allow  them  to  part  with  a  greater  pari  ..f  their 

Hut,  and  hence  it    can   be  seen   thai    the   in  !    U- 

made  neither  too  large  or  too  small,  but   proportioned 

with  the  greatest  care.     For  bituminous  coal,  the  tube 

"ca  should  be  from  1/6  to  1/7  the  area  of  the  grate  sur- 

Itld  for  anthracite  coal,  from   1/8  to   1/9  the  area 

the  grate  surface. 

DOME.    STEAM    AND    MUD    DRUM,    MAN    AND 
HAND-HOLE  PLATES. 


placed  on  cylindrical  boilers 
the  purpose  of  increasing  the  steam  space,  and  also 
the  purpose  of  drying  the  steam. 


U«e. — Domes    are     placed    on     cylindrical     bo 
jot  the  purpose  of  increasing  the  steam  space,  and 
the  purpose  of  drying  the  steam. 
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Doma  art  by  no  means  necessary  on  statmn.u 
boilers,  which  is  shown,  by  the  constantly  increasing 
number  of  lK>ilers  being  built  and  successfully  operated 
without  them.  They  are,  therefore,  by  no  means  a 
necessary  attachment  to  a  boiler,  and  it  is  only  a  qucs 
tion  of  time  before  their  use  will  be  entirely  dispense 
with  by  boiler  makers.  While  they  add  some  steam 
space,  it  is  not  enough  to  justify  the  extra  cost  of  tin 
dome,  and  also,  the  pl:u  iuy  of  a  dome  on  a  boiler  weak 
•  ;is  the  shell  to  a  considerable  extent.  The  principal  ad- 
vantage claimed  for  the  dome  is  thai  when  the  wate 
level  is  carried  too  high,  ami  the  boiler  is  at  the  Ml 
time  heavily  fired,  the  danger  of  water  enterin 
steam  pipe  is  less  than  in  a  boiler  without  a  dome  This 
is  no  real  advantage,  as  ;i  boiler  properly  constructed 
and  operated  may  be  forced  far  beyond  its  rated  capacity 
.ni.l  still  furnish  dry  steam  to  tin  As  almost  all 

boilers  arc  sold  with  a  guarantee  of  at  least  25  per  cent 
above  their  rated  capacity,  it  can  be  seen  what  little  real 
advantage  is  the  placing  of  a  dome  on  a  boiler  for  this 
purpose. 

Steam  Drum.— In  stead  of  a  dome,  a  steam  drur 
sh..nld  be  used.  This  drum  consists  simply  of  a  cylir 
drical  vessel  connected  to  the  shell  of  the  boiler.  YVhe 
several  boilers  are  set  so  as  to  form  a  battery,  they  ar 
generally  connected  to  one  such  drum,  called  the  head< 
which  is  common  to  all  the  boilers.  When  each  hoile 
has  its  own  furnace,  there  should  be  a  stop  valve 
twecn  each  boiler  ami  this  drum  or  header,  so  as  to 
mtt  the  boiler  to  be  cut  out  of  service  when  not  in  use. 

The  strength  and  safety  of  these  steam  drums. 
headers,  should  be   determined  by  the  rules  governing 
the  strength  of  boiler  shells.     They  should  also  be 
rigidly  inspected  as  the  boiler  itself. 
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Mud  Drum  and  Blow  Off  Apparatus. — The  object 
collect  the  sediment  which  is  prc- 
from  the   water  in  the  boiler.     When  used,  it 
underneath  the  boiler  and  near  the  rear  end  of 
ine*  attached  to  the  boiler  by  a  suitable  nozzle, 
be  suspended  in  .such  ;i  manner  that  no  portion 
(weight  of  the  boiler  tomes  upon  it 
i  boilers  equipped  with  mud  drums,  the  feed  water 
qoctitly    introduced    into    the    boiler    through    this 
which  has  the  advantage  of  permitting  the  feed 
to  be  heated  before  entering  the  boiler,  but  the 

not  to  act  ;ts  a  feed  water 
ollect  the  sediment  in  die  water  so  that 
hi  the  boiler  through 
pipe.     In  Fig.  8  is  shown  the  location  ami 
of  an  ordinary   steam    drum  attached  to  a 
)l  boiler. 

Off    Pipe. — The  blow  off  pipe   serves   for  the 
purpose  of  emptying  the  boiler,  and  of  discharge 
II  that  collects.     Each  boiler  mu.*1   '■<•  pro 
thai  eaters  the  boiler  at  it-  lowest 
^•T attached  to  the  mud  drum,  when  a  boiler  is  pro- 
ne. 

iff  pipe  posed  ti  the  heatt  d  ; 

e  protected  b)   a  sleeve  made  of  pipe,  or 

d  in.  or  protected  bj    asbesto     covering. 

lao  be  protected  from  the  heated 

'-:    wall  built   around   it.   leaving  a  small 

iWeen   it  and  the  wall. 

Dletc. — 'lb  i  uni  ii   fa  A  bei   uning 

I   like   the  steam   dome    it    will  soon  be  en- 


m 
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Blow-Off. —  The  blow-off  apparatus  must  be  giv 
most  careful  attention  as  the  pipe   is  apt  to  clog  wit; 
scale  and  sediment.     The   use   of  globe  valves   on 
blow  off  pipe  is  therefore  objectionable,  as  such  valv 
do  not  open  freely,  and  as  a  piece  of  scale  01 
may  get  between  the  valve  and   its  seat.     As  a  rest 
the   water   would    leak   out  of   the    boiler    UnpereeiTfl 
Modern    practice    requires    plug-cocks   packed    with 
bestos,  which  removes  the  objections  above  stated  to 
use  of  globe  valves. 

Surface  Blowoff. —  Nailers  arc  sometimes  fitted  als 
with  a  surface  blowoff,  which  is  a  pipe  to  which  is 
tached  a  scoop  shaped  vessel  placed  three  or  four  inchc 
below  the  water  level.  The  pipe  is  provided  with 
valve  or  cock.  To  operate  same  it  is  only  necessary 
open  wide  the  valve  or  cock,  which  causes  a  rapid  dis- 
charge through  the  pipe,  the  force  of  which  draws  the 
sediment  into  the  scoop,  and  discharges  it  through  same. 

Man-Hole  and  Hand-Hole. — The  man-bole  is  placed 
in  the  shell  of  a  boiler  to  permit  access  to  the  interior 
same  for  cleaning,  repairing  and  inspecting  it.     They 
usually  placed  either  in  the  heads  or  in  the  top  of 
horizontal  shell   boilers,  sometimes   in   both   places, 
water   lube   boilers,  man-holes  are   usually  placed   in 
upper  drum,  anil  cither  a   man-hole   or  a  hand-hole 
the   mud  drum.     The  size  of  the  standard   man-hole 
11x15  inches,  the  longer  diameter  being  placed  at  rij 
angles  to  the  axis  of  the  shell. 

Construction. — Hand  holes  arc  constructed  similar 
to  man-holes,  the  only   difference    being   thai    they  are 
made  much  smaller,  permitting  only  the  hand  and 
to  be  inserted  through  them,  and  therefore,  require 
one  yoke  anil  one  bolt  to  hold  them  in  place. 
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Both  the  man-hole  and  hand-hole  should  Ik-  suffi- 
cient y  to  sustain  tin-  stresses  not  only  due  to  the 
direct  steam  pressure  upon  them,  bat  also  the  stresses 
from  the  plate.  In  order  to  do  this  they  are  always  re- 
inforced, that  is.  a  forged  or  reinforcing  ring  or  rings  i* 
placed  around  the  section  that  is  cut  out  of  the  shell, 
and  securely  riveted  to  the  shell.  In  Fig.  32,  the  con- 
struction of  man  and  hand-holes  is  shown,  together  with 
the  cover  plates  and  yoke  which  close  them.  Man-holes 
and  hand-holes  arc  made  elliptical  to  allow  the  cover  to 
be  passed  through  the  hole. 

SAFETY  ATTACHMENTS  ON  BOILERS. 

Safety  Valve. — By    far  1    important   attach- 

ment on  a  steam  boiler  is  the  safety  valve.     It  is  attached 
to  the  Iwilcr  to  prevent  the  steam  pressure  rising  above 
a  designated  point,  which  point  is  usually  the  maximum 
safe  working  pressure  of  the  boiler.     The  necessity  of  a 
11    every    steam    boiler    ha--    a!  v.  ays    been 
recognized,  even  from  the  incipiency  of  the  boiler.     I  Inc 
Brsl   boilers  ever  constructed  was  supplied  with 
these" necessary  attachments. 

ben  a  boiler  generates  -team  faster  than  the  en- 
gine can  use  it.  it  is  evident  lhal  a  large  quantit)  of 
Mean  must  be  continually  forced  into  the  confined  steam 
tfaae  of  same.  This  causes  the  steam  pressure  to  con- 
tinue to  rise  until  an  explosion  takes  place,  unless  some 

Of  relief  is  afforded.  It  is  the  sole  duty  of  the 
nlety  valve  to  prevent  this  increase  of  pressure  above 
*  dang-  'in 

Construction. —  Its  construction  is  very  simple,  con 
ate  or  disk  fitted  over  ;i  hole  in  the  boili  1 
Aril.    This   plate  or  disk  is  held  in  its  place  in  one  of 
Bkree  ways.      (1}    By  a  dead  weight,  (2)  by  a  weight  on 
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b]     a    spring,     The    weight  or  spring  is  so 

I  that  when  the  steam  pressure  reached  the  desig- 

the  disk  or  plate  is  raised  from  its  scat,  per- 

the  surplus  steam  to  escape  through  the  opening 

shell, 

Safety  valves  arc  designated  from  the  way  this  plate 

I dak  called  the  valve,  is  held  in  its  pla 

Dead  Weight   Safety   Valve. —  I  his   form   of   safety 

r|  in  America,  owing  to  its  inconvenk  n<  i , 

[the  high  steam  pressure  now  universally  used  would 

•  an  extremely  heavy  weight  to  be  placed  on 

u   its   use  would  he  impractical.     The  only 

can  be  said  in  their  favor  is  that  it  is  difficult 

id   them,  owing  to  the    heavy  weights    to    be 

Lever  Safety  Valves. — This  form  of  safety  valve  is 
'"   Fig.   33.  and  most  popular  valve  used 

The    valve   is   held   to   its    seat    by   a 
•ver.     The  weight  used  on  the  levi  isilj 

•long    the    lever,  SO   that   the   valve   ma\ 
off  at  any  desired  steam  pressure  without  trouble. 
ag  Safety  Valve. — These  valves  arc  used  on  loco- 
>,  and   are  also   in   general    use   upon    stationary 

r  U  held  to  its  seat  by  a  spring  acting  either 

On   it.   01   "ii   :i   shod    level        This   valve    i--    illuS- 

ig    34,  and  will  he  more  fully  described  in  a 

tdapter.     Its  advantage  over  the  lever  valve  is  its 

any   character  of   work,  the   use  of  the 

m    account    of    the    lever    and    suspended 

>:i fined   1  |y   to  stationary  work 

a  of  Safety  Valve.— The  U.  S    Government  rule 

used  rule  for  finding  the  proper 


The  Lever  Safety  Valve,  with  8ectk)nal  \ 


STAT I ON A KV 


!I7 


area  of  a  safety  valve,  though  there  are  several  rules  in 

■  nsiderably  in  the  n  suits  oil 
uined. 

Tile  area  of  tin-  valve  must  be  sufficiently  large  to  dis- 
charge the  steam  as  fast  as  it  can  be  generated  l>y  the 
boiler. 

Thv  eminent  rule  is  based  upon  the  area 

"i  the  grate  surface,  it    being  as  follows,   viz.: 

For  a  lever  valve,  allow  one  square  inch  of  area  of 
ralre  for  every  two  square  Feel  of  area  of  grate; 

lur  a  spring  loaded  safety  valve,  allow  one  square 
inch  of  area  of  valve  for  every  three  i'(  1 1  of  area  of  grate. 

II:  defective  in  that  it  makes  no  differei 

live  for  high  ami  low  pressure  boilers. 

THE  STEAM  GAUGE. 
The  steam  pressure  in  a  l>oiler  is  measured  in 
:  square  inch.  This  pressure  is  the  working 
m  pressure  above  the  atmospheric  pressure,  which  is 
tit  14.7  pounds  per  square  inch.  Steam  gauges  arc 
uatrd  to  indicate  the  steam  pressure  above  the  pres 
of  tli  iphere,  and  should   therefore  stand  at 

Jrro  when  the  pressure  is  off  the  boiler;  and  should  in- 
dicate •  blowing  off  pressure  when  the  boiler  is 
id  the  safety  valve  is  in  action. 
Working  Pressure. — When  we  say  that  a  boiler  is 
1  g  at  60  pounds  pressure,  we  mean  that  the  gauge 
60  pounds  to  the  square   inch:  that  is.  the 
re  in    the  boiler   is  60  pounds   above   the   annus 
ure. 
Absolute    Pressure. — This    is    the    pressure    above 
«cuum.  as   is  called  a  space  entirely  devoid  of  matter. 
Therefore,  to  find  the  absolute  pressure  on  a  boiler  which 
his  60  pounds  gauge  pressure  on  same,  the  atmospheric 


e  must  be  added  to  the  gauge  pressure,  which 
make  the  absolute  pressure  on  this  boiler  about 

I'd     S 


nnds  per  aqua*  %h. 

•  atmospheric 
vith  the  distance 
ressure  at  sea 


varies  with  the  altitude, 
the  sea  level,  thft  atmos- 
g  14.7  pounds  per  square 


nection.— The  steam  gauge  should  be  connected 
)ilcr  in  such  a  manner  that  it  cannot  be  injured 
eat  from  same,  or  by  rough  usage,  as,  both  for 
id  economy,  it  should  always  regulate  accurately 
n  pressure  within  the  boiler.  To  prevent  injury 
t,  a  syphon,  which  is  shown  in  Fig.  35  together 
ordinary  steam  gauge,  is  placed  between  the 
id  the  boiler.  This  syphon  soon  becomes  filled 
steam  which  protects  the  spring  of  the 
: ;  from  the  injury  the  steam  would  otherwise 

of  boilers,  each  boiler  should  have  a 
gauge.  This  gauge  must  always  be  con- 
to  the  boiler,  and  not  to  the  steam  pipe 
fittings. 

im  pressure  gauge  which  is  now  almost  uni- 
was  invented  by  M.  Bourdon,  and  its  con- 
will  be  fully  described  in  a  later  chapter. 

gauge  operates  on  the  principle  that  a  flattened 
ibe  closed  at  one  end,  tends  to  become  straight 
Ejected   to   an  internal  pressure.     The  pressure 

d  in  connection  with  the  steam  boiler,  is  the 
:hin  the  boiler. 
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Pressure  Congo. 


Water  Column. 
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GAUGE  COCKS  AND  WATER  COLUMN. 

Gauge,  or  Try  Cocks  arc  attached  to  a  boiler  for  the 
:of  finding  the  level  of  the  water.  The  cocks,  or 
which  are  si  I  used,  arc  usually  three  in 

titer,  a  ie  placed  directly  on  the  shell  or 

although  they  are  often  attached  to  a 
HftrcoV  ill  practice  is  entirely  safe.     A  watei 

-.imply  of  a  large  pipe  with  its  ends  con- 
he  steam  and  water  spaces  of  the  boiler. 
ttl  gauge  cock  is  placed  at  the  lowest  level 
■  ly  attain,  arid  the  uppermost  cock 
I tbe  h.ip  the  water  can  be  safely  carried. 

riown  ;i  water  column  with  the  proper 
gauge  cocks. 
Water  Level. — To  Bud  the  water  level  in  the  boiler 
i  clcs,  and  if  steam  issues  the  cock  is 
ibove  the  water  level.  Next,  open  the  cock  below 
«c,  an<!  if  water  issues  it  is  below  the  water  l< 
kffl<e  the   true   water   level   must   lie   between    these 

Station. — In  return  tubular  boilers,  the  lowest  cock 

III    3  inches  above  the  upper  row 

or  Sues.       Phis  insures  that  the  tubes  or  flues 

with  sufficient  water  at  all  times  to  pre- 

kir  burning.      In    water    tube   boilers,   the    lowest 

(foci  ttached  about  three  inches  above 

i   d  Mm  mi  same, 

rs  having  n<  ith<  i  lul flues,  the  I  >ca 

tire  line  determines  the  placing  of  the  gauge 


•lie  lo.  e   of   boilers,   the   lowest   cock 

it  ^  inches  above  the  highest  point  of  the 
ft. 
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In  a  vertical  boiler,  the'  lowest  cock  is  placed  about 
two-thirds  the  distance  of  the  shell  from  the  fire  box, 
this  permitting  about  one-third  of  the  shell  for  steam 
space. 

The  cocks  on  all  types  of  boilers  are  usually  placed 
about  3  inches  apart. 

In  Fig.  36  is  shown  the  Mississippi  gauge  cock,  and 
the  ball  gauge  cock,  which  are  the  two  cocks  most  gen- 
erally used. 

WATER  OR  GAUGE  GLASS. 

Connection. — A  water  glass  is  a  glass  tube  with  its 
lowest  end  in  connection  with  the  water  space  of  a 
boiler,  and  its  upper  end  connected  with  the  steam  space. 
Therefore,  the  level  of  the  water  in  the  gauge  shows  the 
level  of  the  water  in  the  boiler. 

Fig.  36  shows  the  usual  form  of  a  water  glass.  The 
glass  should  be  connected  always  directly  to  the  head  of 
the  boiler,  unless  a  water  column  is  used,  in  which  case, 
it  is  attached  to  it  as  shown  in  Fig.  35.  It  should  be  so 
located  that  the  water  will  show  in  the  middle  of  the 
glass  when  the  water  in  the  boiler  is  at  its  proper  level 

A  drip  or  drain  cock  is  placed  at  the  lower  end' of 
the  glass  for  the  purpose  of  draining  and  cleaning  it. 

Both  gauge  cocks  and  a  water  glass  should  be  used 
on  all  boilers,  so  that  one  may  be  used  as  a  check  on 
the  other.  Gauge  cocks  arc  much  more  reliable  than  a 
water  glass,  as  the  glass  not  only  often  breaks,  but  it 
is  apt  to  become  choked  with  dirt  and  sediment  from 
the  boiler.  This  mud  and  sediment  can  be  cleaned  out 
by  opening  the  drip  or  drain  cock  and  allowing  the 
steam  and  water  to  be  discharged,  which  will  blow  out 
all  such  dirt  and  sediment. 
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Ball   GauKr    Cock. 


Fig.  3C. 
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As  both  the  safety  of  the  boiler  and  the  succe 
operation   of  a   plant    depends   largely  upon    maintain! 
the  water  level  at   its  proper  place,  therefore  both 
gauge  cocks  and  water  glass  should  he  constantly 
and  blown  out  during  the  day,  otherwise  the  true 
level  may  not  be  shown  and  disastrous  results  folic 

FUSIBLE  PLUGS. 

Use. — Fusible  or  safety  plugs  are  required  to  be 
sertcd  in  all  boilers  to  give  warning  of  low  water 
standard  form  of  a  fusible  plug  is  shown  in  Fig.  37. 
consists  of  a  brass  shell  threaded  on  the  outsidi 
Standard   pipe   thread.      Thr    inside    cavity   is   filled 
some  alloy  having  a  low  melting  point,  which   , 
determined  by  the  ordinary  steam  presMire  to  be  car 
by  the  boiler.     This  plug  is  Inserted  in  the  shell  or  dr 
of  the  boiler  from  the  inside.     In   fire  tube  boilers, 
additional  plug  is  inserted  in  one  of  the  tubes  or  tk 
As  long  as  the  plug  is  covered  with  water,  the  fua 
metal  is  kept  from  melting  by  the  coolness  of  the 
but  should  the  water  sink  below  the  top  of  the  plug, 
heat  of  the  steam   will   unit    the  alloy  and   permit 
strain    to    be    discharged,    thus    giving    warning    of 
water.     The  plugs  are  usually  made  with  :i  eonicaj 
ing  in  order  to  prevent  the  filling  of  alloy  from 
blown  out  by  the  pressure  of  the  boiler. 

Location. — In  horizontal  return  tubular  boilers, 
plug  is  usually  placed  in  the  second  sheet  from  the 
just  below  the  fire  line,  which  would  be  about  3  inc 
above  the  upper  row  of  tubes.     One  additional  pit: 
placed  in  the  rear  end  of  one  of  the  tubes.      In  tine 
rrs.   nnc    plug    is    inserted    in    a    flue   at    its    highest 
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Fusible  Plug  and  Location  In  Shell  of  Boiler. 
Fig.  57. 
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or  in  the  shell  or  back  head  of  boiler  about  three  inches 
all.  ive  the  top  of  the  flues. 

In  water  tube  boilers,  it  is  inserted  in  the  shell  of  tr 
steam  drum.  In  locomotive  boilers,  it  is  inserted  in  tr 
highest  point  of  the  crown  sheet.  In  vertical  boilers,  il 
should  not  be  located  in  the  crown  sheet  of  same  as 
frequently  done,  but  should  be  inserted  in  one  of  tli<-; 
tubes,  about  i  inches  below  the  lowest  gauge  cock. 

Modern    practice   require-,   that    Safety    plugs  should 
I-     properly   inserted   in   all   boilers   In-fore  they  arc  in- 
stalled.    In   many  places  this  is  required  by  law.     The 
following  is  the  ordinance  enforced  by  the  City  of  St 
Louis: 

St.  Louis  Ordinance. — All  boilers  shall  have  in 
serted  in  them  plugs  of  brass  filled  with  banca  tin.  a*  fol 
lows:  All  cylinder  boilers  with  flues  shall  have  one 
plug  inserted  in  one  flue  of  each  boiler;  and  also  on 
plug  in  the  shell  of  each  boiler.  ;\<  follows  :  All  plugs  i 
shells   shall  have   an    external   diameter   of  not    less  than 

that  of  one-inch  gas  pipe  screw  tap,  and  an  internal  open 
ing  not  less  than  one-half  inch  in  snialK -t  opening,  all 
pltlgi  to  be  inserted  in  shell  from  inside,  on  second  sheet 
from  forward  end,  one  inch  above  flues;  all  plugs  to  be 
inserted  in  flues  not  more  than  three  feet  from  after  end 
all  plugs  to  be  inserted  in  flues  to  have  an  external 
diameter  of  that  of  a  three-fourth  gas  pipe  screw  tap,  and 
an  internal  opening  of  one-half  inch,  except  flues  or  tubes 
of  six  inches  or  less,  when  plugs  may  be  used  with  an 
external  diamete:  of  thai,  of  three-eighths  gas  pipe  screw 
tap,  with  an  internal  opening  of  one-fourth  of  an  inch 
The  Inspector  of  Boilers  and  Elevators  shall  have  power 
to  have  one  plug  placed  in  each  boiler  not  provided  for 
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in  this  section,  as  he  may  deem  necessary  for  the  safety 
of  lives  and  property,  and  it  shall  be  the  duty  of  the  In- 
spector to  see  that  such  plugs  are  filled  with  banca  tin 
at  each  inspection. 

Care  of  Plugs. — These  safety  plugs  should  be  re- 
moved at  least  once  or  twice  a  year  and  examined  to  see 
that  the  filling  is  not  covered  by  scale  or  sediment.  Un- 
less this  is  done  an  incrustation  is  likely  to  form,  cover- 
ing the  plug  and  preventing  the  heat  of  the  steam  from 
coming  in  contact  with  the  filling  or  alloy,  thus  render- 
ing the  plug  not  only  worthless,  but  a  source  of  danger 
from  its  deception. 

Convenient  Piping  for  Fusible  Plug. — In  Fig.  38  is 
shown  a  convenient  way  of  inserting  a  fusible  plug  in 
a  boiler,  it  being  not  only  very  convenient,  but  sufficiently 
safe  to  pass  the  requirements  of  the  law. 

Construction. — Drill  and  tap  a  1 34 -inch  opening  in 
the  top  of  the  shell  or  drum  of  the  boiler,  through  which 
insert  a  i-inch  pipe,  so  that  it  will  reach  to  within  about 
three  or  four  inches  of  the  bottom  of  the  drum.  This 
pipe  should  be  extended  about  14  inches  outside  of  the 
boiler,  using  a  nipple  for  this  purpose.  At  the  end  of 
this  nipple  place  the  fusible  plug,  inserting  a  valve  be- 
tween it  and  the  shell  of  the  boiler,  as  shown  in  the  cut. 

So  long  as  the  end  of  the  pipe  in  the  boiler  is  cov- 
*red  by  the  water  the  plug  will  not  melt,  but  upon  the 
water  getting  sufficiently  low  to  permit  the  steam  to  en- 
ter the  pipe,  it  melts  the  plug  and  sounds  an  alarm.  The 
v»lve  can  then  be  closed  and  a  new  plug  inserted,  with- 
ont  the  necessity  of  shutting  down  the  boiler,  as  would 
bave  been  required  had  the  plug  been  inserted  in  the 
nanal  way  in  the  shell. 
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Composition  and  Melting   Points  of  Fusible  Pli 
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Danger  in  Safety  Devices. — No  mention  i>  here 
of  high  and  low  water  alarms  whii.li  are  :i1m>  safi-i 
vii  1  ■:.  ami  the  use  of  which  is  now  generally  1  !.• 
While  it  is  true  that  the  above  safety  devices  are  a 
essential  to  the  safe  and  economical  operation  of  al 
ers,  their  use  has  its  disadvantages  and  dang< 
it  leads  engineers  and  Bremen  to  rely  too  much 
such  devices,  and  not  enough  upon  their  own  vig 
and   knowledge. 


HORSE  POWER  OF  BOILERS. 


. 


Definition. — The  term  horse  power  when 
connection  with  boilers,  generally  refers  to  the  c\ 
ativc  power  of  the  boiler,  that  is.  the  amount  of  i 
that  a  boiler  generates  i"  a  d<  finite  period  of  time 
ally  in  an  hour. 

Boiler  Capacity. — The  capacity  of  a  boiler  for  j 
ating  steam  depends  upon  the  extent  and  dispositi 
the  beating  surfaces,  the  area  of  the  grate,  and  the  v 
of  fuel  consumed.     The  circulation  of  the  water  i 
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pound  of   water   from   and   at   2t2   degrees   Fahrenheit, 
therefore  one  horse  power  ia  equal  to  the  evaporation  of 
33,305  divided  by  966,  which  is  equal  to  34 1..  pound 
water  evaporated  from  and  at  212  degrctes  Fahrenheit. 
lien  constitutes  one  horse  power  for  boilers. 
It  is   further   found   that    the   evaporation   of   34JS 
pounds  of  water  from  and  at  21. •  degrees  Fahrenheit  n 
quires  the   same  number   of    ttriti.-.h    Thermal    I 'nits,   i»r 
•itil,  as  the  evaporation   Of  30  pounds   of  water  at   100 
■kpees  Fahrenheit  into  Steam  at  70  pounds  gauge  pres- 
sure 

From  this  calculation  has  been  adopted  the  rule  for 
determining  the  horse  power  of  all  boilers,  via.! 

Rule. — One  boiler  horse  power  is  equal  to  an  evap- 
oration per  hour  of  30  pounds  of  water  from  too  degrees 
Fahrenheit  to  steam  at  70  pounds  pressure;  M  is  equal 
toan  evaporation  of  34.5  pounds  of  wati  r  per  hour  from 
iegrees  Fahrenheit. 
Strictly   speaking,   there   is    no   such    thing   as   the 
horse  power  of  a  steam  boiler,  but  the  term  has  so  lung 
been  osed  that  an  explanation  of  its  meaning  is  neces- 
ttry.    When  first  used,  it  signified  that  the  boiler  would 
famish  steam   to  an  engine  <<i   the  same  horse  power. 
instance,  if  a  certain   boiler  furnished  steam  for  a 
20  horse  power  engine,   the   boiler  for  same  would  be 
called  a  20  horse  power  boiler.     If  the  same  boiler  fur- 
nished steam  for  a  60  horse  power  engine,  it  would  be 
tailed  a  60  horse  power  boiler. 

Standard  Rating. — It  was  therefore  necessary  in  or- 

!r  to  avoid  confusion  in  the  rating  (if  boilers,  to  adopl 

•1  itandard  by  which  all  boilers  should  be  rated.     To  do 

lh»  elaborate  experiments  and  tests  were  made,  and  the 
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above  rule  was  recommended  as  a  standard  by  the  judges 
in  charge  of  boiler  trials  at  the  Philadelphia  Centennial 
Exposition.  Their  recommendation  has  been  pen- 
ally accepted  by  American  engineers,  and  whenever  in 
this  country  the  term  boiler-horse-powcr  is  used  in  con- 
nection with  Stationary  boilCNt  ll  's  10  be  understood  as 
having  the  meaning  ab>  >\  e  defiflCfL 

In  other  countries  Chan   America,  boilers  are  usually 

rated  not  in  horse  power,  but  by  specifying  the  quantity 
of  water  that  they  are  capable  of  evaporating  from  ami 
at  212  degrees  Fahrenheit.  \\  hen  the  horse  power  of 
marine  boilers  is  stated,  it  generally  refers  to  the  horse 
power  developed  by  the  engines  which  receive  steam 
from  the  boilers. 

Equivalent  Evaporation. — In  order  to  permit  easy 
comparison  of  results  of  boiler  trials,  it  is  usual  to  re- 
duce them  all  to  a  basis  of  equivalent  evaporation  from 
and  at  212  degrees  Fahrenheit.  The  method  of  doing 
this  is  to  transform  the  evaporation,  as  determined  on 
the  actual  feed  temperature  and  steam  pressure  noted 
during  the  test,  into  an  equivalent  evaporation  1>:im< 
upon  a  standard  feed  water  temperature  of  212  degrees  1 
and  a  steam  pressure  equal  to  normal  atmospheric 
pressure  at  sea  level,  which  is   14.7  pounds  absolute. 

In  order  to  assist  engineers,  complete  tables  show- 
ing the  factors  of  evaporation  have  been  prepared.  From 
these  tables  and  the  rules  given,  it  becomes  a  simple 
matter  of  calculation  to  reduce  the  evaporation  to  a  com- 

mon  basis,  In  Tabic  No.  13  i^  given  factors  of  evapora* 
tion  for  different  steam  pressures. 

Heating  Surface. — For  ordinary  practice  boiler  mak- 
ers commonly  rate  the  h"  r  of  their  boilers  uj 
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kitting  surface  of  same   expressed   in  square   feet, 
bs    between    heating-   surface    and    horse 
widely  vary,  the  average  is  about  as  follows,  viz.: 

Sq.  Ft.  of  Heating  Surface. 

Phm  cylindrical   6  to  10 

Floe 8  to  12 

Multitubular    14  to  18 

Vertical    15  to  20 

iVatcr  tube   10  to  12 

example,    tubular    boilers   are    rated   as    having 
;uarc    feet  of   heating  surface   to   the    horse 
Then  a  40  horse  power  boiler  would  have  40x16, 
Ifvjo  square  feet  of  heating  surface.     Again,  a  simi- 
bavtng    640   square    feet    of    heating    surface 
I  be  rated  as  a  40  horse  power  boiler, 
determine  the  horse  power  of  a  boiler  necessary 
a  given   horse  power   from  an  engine,  it   is 
to  determine  thi    amount  of  steam  re- 
in-   engine  luce    the    required    horse 
1     boiler    capable    of    evaporating    2500 
•.t  212  degrees  Fahrenheit  per 
a  engine  requiring  40  pounds  of  water  per  horse 
mid  devel  ip  fa'/i  horse  power.     yVith  an 
:  less  than  40  pounds  of  steam  per  horse 
,  more  than  f>2'/)  horse  power  would  be  obtained 
itler. 

ime  boiler   could    therefore   be  used    with   a 

al    engine    requiring,  say.    18   pounds   of 

power  hour,  and  it  would  then  be  called 

iwcr  boilei    although  it  is  evident  that  the 

iler  itself  has  not  been  changed,  but 

In   engim    per  horse  power. 
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As  will  be  seen  later  there  is  much  difference  be- 
tween the  boiler  horse  power,  which  is  the  horse  power 
of  a  boiler,  and  the  horse  power  of  an  engine;  the  first 
being  an  arbitrary  unit,  while  the  latter  is  definitely  fixed. 

Watt's  Definition. — It  has  been  necessary  to 
change  the  definition  of  boiler  horse  power  very  much 
since  when  first  adopted  by  Watt,  it  then  being  one  cubic 
foot  of  water  evaporated  per  hour  from  212  degrees 
Fahrenheit  for  each  horse  power.  This  amount  was  at 
that  period  the  requirement  of  the  best  engines  in  use. 
With  the  development  and  improvement  of  the  boiler 
and  engine,  this  standard  has  long  become  obsolete. 

Boiler  Efficiency. — The  efficiency  of  a  boiler  is  the 
ratio  of  the  heat  utilized  in  evaporating  the  water  to  the 
total  heat  supplied  by  the  fuel,  It  can.  therefore  be  seen 
the  efficiency  of  a  boiler  depends  not  alone  upon  the 
proper  construction  of  the  boiler,  but  also  on  the 
efficiency  of  the  furnace  as  well.  As  it  is  not  pos- 
sible to  determine  the  efficiency  of  the  one  without  the 
other,  the  efficiency  of  a  boiler  is  taken  always  to  mean 
the  combined  efficiency  of  the  boiler  and  furnace. 


CHAPTER  n. 
QUESTIONS  AND  ANSWERS. 


>.    What  is  steam? 

Steam  is  an  elastic  and  invisible  gas,  which  re- 
to  a  liquid  state  as  soon  as  it  loses  the  heat  by 
i  of  which  it  was  created.     It  is  usually  generated 
ating  water  contained  in  a  closed  vessel. 
What  is  evaporation? 

It  is  the  process  of  changing  water,  or  any  other 
into  vapor  by  means  of  heat 
.  Can  steam  exist  under  pressure? 
.  Yes,  it  may  exist  under  the  same  pressure  as 
mosphere,  or  under  a  higher  or  lower  pressure  so 
is  it  is  confined.  When  not  confined,  it  at  once 
ts  the  temperature  and  pressure  of  the  air  and 
ks  vapor. 

).    In  how  many  forms  does  all  matter  exist? 
I   In  three  forms,  viz. :  as  a  solid,  liquid  or  aeri- 
■  All  matter  has  weight  and  occupies   space.     It 
oSers  more  or  less  resistance  when  opposed  by  other 
b  or  forces. 
Q.   Is  heat  a  body? 

A.  No,  it  does  not  possess  any  of  the  qualities  of 
lir  or  substance.  If  a  bar  of  cold  iron  is  heated  it 
W  show  the  slightest  increase  of  weight,  although 
p  quantity  of  heat  has  been  absorbed  by  it.  Heat 
(in  no  space  as  it  will  penetrate  any  body  regard- 
i  resistance.  It  cannot  be  confined,  and  it  offers 
distance  to  any  body  or  force. 
Q.  Can  heat  penetrate  a  vacuum? 
^  No,  as  a  vacuum  is  a  space  entirely  free  of  mat- 
it  therefore  cannot  be  penetrated  by  heat 
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Q.     What  is  meant  by  temperature? 
A.    Temperature  is  only  a  quality  of  heal  describ- 
ing its  ixli-tit  or  degvt  a. 
o.    How  is  temperature  measured? 

A.     Temperature  is  measured  by  instruments  called 
thermometers. 

Q.     What  are  the  principal  thermometers? 

A.     Fahrenheit,    Reaumur    and   Centigrade   or   Cel- 
sius, these  being  the  names  of  the  inventors. 

Q.     Describe  the  principal  dilTerenees  between  these 
thermometers 

A.     The  boiling  point  of  water  is  placed  ai  212  de- 
crees on  the  Fahrenheit;  at  80  degrees  on  the  Reaumur, 
and   at    100  degrees   on   the   Centigrade.     The   freezing 
point  is  32  degrees  on  the  Fahrenheit,  and  zero  degree 
on  the  Reaumur  and  Centigrade. 

O.     How  is  heat  measured? 

A.     Heat  is  measured  by  the  amount  of  1 
sumed,  or  heat  expended. 

O.     What  is  the  standard  unit  of  heat 

A.      The  standard  unit  of  heat  is  the  amount  of  heat 
necessary  to  raise  the  temperature  of  one  pound  of  water 
at  32  degrees  Fahrenheit  one  degree,  i.  e.,  from  3-'  to  3 
degrees. 

Q.     What  is  the  British  thermal  unit  of  heat? 

A.     It  is  that  quantity  of  heal  which  is  required 
raise  tin-  temperature  of  one  pound  of  pure  watei 
degree   Fahrenheit  at  01    mar  39.1   degrees  Fahrenheit) 
that  being  the   temperature  of  the   maximum  densit] 
water.     It  is  usually  given   as  the  quantity  of  heat  r< 
quired  to  raise  the  temperature  of  a  pound  of  water  fro 
()_■  (!,  >  1  13  decrees    Kalli  enhcit. 

Q.     How  is  this  unit  of  heat  usually  designated. 
A.     By  the  capital  letters  B.  T.  U. 


the  French  th<  rmal  unit  of  heat, 
\.    The  Calorie  which  is  that  quantity  ol  heal  re 

e  tempi  if  one  kitogramn 

t  watt-'  al    a  about  Fi  "ir  dc 

i  quivalenl  to  39, 1  Fahreri 
specific  heat? 
h  is  the  amount  of  heat  necessary  to  raise  the 
Jturc  of  a   solid  or  liquid   body  a  certain   nuinlni 

th<  unit  "I  standard  of 

What  has  been  adopted  as  the  unit  of  compari- 
fcr  del  cific  heat  of  a  liquid  or  bod 

iter       I  he   heat  necessary  to  raise  the  tcm- 
onc  pound  f,f  water  one  degree  will  raise  for 
pound  of  mercury  30  degrees,  and  hence 
heat  ol  mercury  is  said  to  be  0.033. 
What  is  latent  heat? 

It  is  the  heat  that   is  expended  in  changing  a 

the  liquid  state,  01  from  the  liquid 

vilbout  changing  the  temperature, 

lat  is  sensible  heat? 

that  portion  of  the  heat  applied  to  a  sub- 

ceptibly   raises  its   temperature,   and    i:    is 

which  affects  tin-  thermometer, 
latent  heat  affect  the  thermometer 

Water   which   Starts   its  evaporation,  say, 

in  itself  85  units  of  sensi- 

units  of  I  at,  a;   tin     um  of  the 

latent  heat  in   vapor  of  any  kind  of  pres- 

always  be  050 

ature   of    steam    the   same   under 

Steam  under  different  pressures  has  dif- 
►mpexatures,  the  higher  the  steam  pressure  the 
rtlbe  the  tcur 
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Q.  What  is  the  temperature  of  steam  wide 
mosphcric  pressure? 

A.     About  212  degrees  Fahrenheit. 

Q.  What  is  the  temperature  of  steam  in 
ordinary  hoilcr  pressure  of  100  pounds  to  th< 
inch? 

A.  327.6  degrees  Fahrenheit,  absolute  pr« 
about  337.8  decrees  gauge  pressure. 

Q.     What  do  you  mean  by  absolute  prcssur 

A.  It  is  the  pressure  above  vacuum  in  poi 
square  inch. 

Q.     What  do  you  mean  by  gauge  pressure 

A.  li  is  tin-  pressure  above  the  atmosphe 
sure. 

Q.    What  do  you  mean  by  atmospheric  pre 

A.  It  is  the  actual  pressure  of  the  atn 
which  is  14.65  pounds  per  square  inch  at  the  s 
and  this  is  called  one  atmospheric  pressure  or  on 
phcre.  We  usually  speak  of  an  atmospheric 
being  equal  to  15  pounds  per  square  inch. 

Q.     What  is  saturated  steam? 

A.     It  is  steam   which  carries  in   itself 
amount  of  water  and  the  proper  temperature 
due  to  its  pressure. 

Q.     What  is  the  meaning  of  superheated 

A.     It  is  steam  which  carries  in  itself  a  hig 
perature   than   due  alone  to  its   pressure, 
contact  with  the  water. 

Q.     What  is  the  meaning  of  surcharge  or 
A.     It  is  steam  which  carries  in  itself 
than  is  due  to  its  pressure. 

Q.     What  is  condensed  steam? 
A.     It  is  steam  which  has  lost  its  laten 
become  water. 
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Q.    What  is  wire-drawn  steam?- 
A.    It  is  steam  which  passes  from  a  smaller  open- 
■g  into  a  larger  one,  which  causes  it  to  lose  its  power 
litbotrt  giving  any  advantage. 

Q.  Why  can  so  much  power  be  generated  from 
Nam? 

A.  On  account  of  the  great  elasticity  of  steam, 
•bkh  permits  one  cubic  inch  of  water  to  be  expanded 
■to  one  cubic  foot  of  steam,  which  is  about  1700  times 
b  original  volume,  and  because  of  the  amount  of  heat 
i  contains. 

Q.  How  is  steam  generated  for  power  or  heating 
Imposes? 

A.    In  a  boiler. 

Q.    How  would  you  classify  steam  boilers? 
A.    Into  three  classes,  viz. :  marine,  stationary,  and 
otive. 

Q.    How  would  you  subdivide  these  classes? 
A.   Into  six  styles  or  types,  viz.:  marine,  locomo- 
,  vertical,  flue,  tubular  and  water  tube  boilers. 
Q.   What  was  the  shape  of  the  first  practical  boiler? 
A.   Spherical. 

Q.   By  whom   was  it  designed  and   when  ? 
A.  By  Xewcomen  in  about  the  year  1709. 
Q.   Bv  whom  was  the  "Wagon  or  Havstack"  boiler 
■ped?' 

A  By  James  Watt. 

Q.  How  was  the  heating  surface  of  this  boiler  in- 
losed5 

I A  By  placing  a  flue  in  the  boiler. 
Q.  What  kind  of  draft  was  used  in  this  boiler? 
A  A  wheel    draft,   since   the   gases   pass    entirely 
I  the  boiler.     When  a  flue  was  used,  it  was  then 
t draft. 
2  Was  this  an  externally  or  internally  fired  boiler? 


120 


STATIOXAKY    ENGI. NUKING. 


A.     It  was  an  externally  fired  boiler. 

Q.     What  was  the  EM  internally  fired  boil* 

A.     The  Cornish  boiler. 

Q.     What   is   the    principal   difference   l»eiw« 
ternally  and  externally  fired  tubular  boilers? 

A.      In  internally  fired  boilers  the  furnace  i 
within  the  ibell,  while  in  externally  fired  boilers  the 
nace  is  placed  outside  the  shell. 

Q.     What    two   improvements    were    made    in 
plain  cylindrical  boiler? 

A.     The  heating  surface  was  increased  by  the 
of  an  internal  flue,  through  which  the  hot  gases 
to  the  chimney,  and  from  which  were  developed  int 
flue  boilers;  the  other,  was  the  placing  of  the  furnace 
side  the  shell  of  the  boiler,  and  from  which  was  deve 
oped  the  internally  fired  boiler. 

Q.    What  is  the  principal  difference  between 
Cornish  and  the  Lancashire  boiler? 

A.     The  Cornish  boiler  has  only  one  flue,  whicl 
necessarily  large  and   liable  to  collapse  under  ext 
pressure.     On  this  account  this  boiler  must  be  made 
small  powers  only.     The  Lancashire  boiler  on  the 
trary  has  two  flues  and  they  can  therefore  be  madt 
smaller  anil  longer,  permitting  much  stronger  flues  to 
used,  and  the  boiler  therefore  to  be  used  for  high 
sures  without  danger  of  the  flues  collapsing. 

Q.     What  arc  Galloway  tubes,  and  what  advant 
is  derived  from  their  use? 

A.     They  arc  water  tubes  used  to  increase  the  h« 
Big  surface  of  the  boiler;  also  to  strengthen  the  int< 
flues  and  improve  the  circulation  of  flue  boileri 

Q.     Wli.tt    is   the  difference  between  a  flue  an 

multitubular  boiler? 

A.     The  chief  difference  is  iu  the  size  and  numl 


It    is    an    externally    fired    boiler    in    which    tilt' 

of  combustion  pass  alonj^  the  bottom  of  the 
:hc  back  of  the  boiler,  and  then  through  the  tubes 
ront  where  they  enter  the  stack  connection. 

What  advantages  does  a  tubular  boiler  possess 
i  flue  and  cylinder  boilers? 

The  tubular  boiler  takes  up  less  room,  gener- 
am  more  rapidly  and  requires  less  fuel.  The 
eing  of  a  smaller  diameter  and  therefore  of 
strength,  are  less  dangerous  than  flues. 

Is  a  tubular  boiler  as  safe  as  a  cylinder  boiler? 

Yes,  as  the  tubes  assist  in  bracing  the  heads. 

Why  are  tubular  boilers  more  economical  than 
jrltnder  and  flue  boilers? 

Because    their    heating    surface    is    so    much 


What  are  the  principal  advantages  of  the  water 
rile r  as  compared  with  other  types  of  boilers? 
It  is  safer,  more  economical,  steams  more  rap- 
more  durable  and  is  easier  repaired.     It  may  be 
taken  apart  and  transported. 
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the  shell  and  through  the  tubes  or  flues;  while  in 
u.iirr  tube  boiler  it  passes  around  them.  In  lire  I 
boilers  the  water  is  around  the  tubes  or  floes,  whil 
the  water  tube  boiler,  the  water  circulates  through 
tubes. 

Q.     What  arc  the  chief  materials  used  in  boiler  < 
struction? 

A.     The  materials  mostly   used   in   boiler  const 
tion  are  wrought  Iron,  cast  iron  and  steel. 

Q.     What  arc  the  most  important  qualities  requ 
in  them  ? 

A.     Strength,  ductility,  elasticity  and  toughiu' 

Q.     How  does  the  presence  of  phosphorus  and 
phur  in  steel  effect  it? 

A.  Phosphorus  above  a  certain  amount  makes 
cold  short,  and  sulphur  above  a  certain  amount  ma 
hot  short 

Q.     What  do  you  mean  by  cold  short  and  hot  sh< 

A.  A  material  is  cold  short  when  it  cannot 
worked  under  the  hammer,  or  by  rolling,  or  be  I 
when  cold  without  cracking  at  the  edges.  A  mat< 
is  hot  short  when  it  cannot  be  worked  easily  under 
hammer,  or  by  rolling,  at  a  red  heat  or  any  tempera 
higher  than  red  heat,  without  fracturing  or  crack 
Such  a  material  may  be  worked  or  bent  when  less 
red  heat. 

Q.     What  is  the  minimum  tensile  strength  alio 
in  boiler  steel? 

A.  As  a  rule  not  less  than  60.000  pounds  per  s 
inch. 

Q.     What  bending  test  should  boiler  steel  stan 

A.     A  bend  of  180  degrees  flat  on  itself  cither 
or  quenched. 

Q.     Of  what  are  boiler  tubes  usually  made 
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A.     Of  charcoal  iron  or  mild  steel. 

Q.    What  is  meant  by  the  efficiency  of  a  joint? 

A.  The  efficiency  of  a  joint  is  the  ratio  between  its 
trength  and  that  of  the  solid  plate. 

Q.     How  is  it  expressed? 

A.     In  per  cent  of  the  strength  of  the  solid  plate. 

Q.     On  what  does  the  efficiency  of  a  joint  depend? 

A.  On  the  diameter  of  the  rivet  hole,  the  pitch,  the 
:ensile  and  shearing  strength  of  the  material,  and  the  dis- 
position of  the  rivets. 

Q.     How  should  a  joint  be  designed? 

A.  So  that  its  strength  will  equal  as  nearly  as  pos- 
sible that  of  the  solid  plate. 

Q.  About  what  is  the  highest  attainable  efficiency 
in  a  triple  riveted  butt  joint. 

A.    About  85  per  cent. 

Q.  What  is  the  minimum  size  of  rivets  that  should 
be  used  in  bracing  the  boiler? 

A.  Rivets  smaller  than  ft  >nch  should  never  be 
used. 

Q.  What  character  of  heads  are  used  without 
tays? 

A.  Heads  that  are  either  concave,  bumped,  or  flat ; 
eing  such  heads  as  used  for  plain  cylindrical  boilers, 
:eam  drums,  and  mud  drums. 

Q.  In  a  concave  head,  which  side  receives  the  steam 
•essure? 

A.    The  convex  side. 

Q.  Which  head  is  stronger,  the  concave  or  a 
imped  head? 

A.  Bumped  heads  will  sustain  more  pressure  than 
ncaved  heads. 

Q.  Is  the  strain  greater  on  the  heads  or  sides  of  a 
iler? 
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A.     On  the  sides,  because  more  surface  is  exposed 
to  the  steam  pressure. 

Q.     How  should  boilers  be  strengthened? 

A.     With  stays  and  braces. 

O.     How  do  you  find  the  absolute  strain   which  is 
carried  by  the  stays  on  the  flat  surface  of  a  steam  boiler? 

A.     Gioosc  three  stays  at  three  corners  of  a  squa 
multiply   the-  sides  in   inches,  and  the   result  is   the  in 
ber  of  Square  inches  of  surface  depending  up 
;m   stay  for  support. 

Q.     Give  an  example. 

A.     Suppose  the  stays  measure  6  inches  from  cen 
to  center  each  way.  with  steam  at  70  pounds  pressure 
square  inch,  then  6  x  "  equals  .?(">,  x  70  equals  2 

pounds  borne  by  one  stay. 
Q.     What  is  a  staybolt? 
A.     A  staybolt  is  a  screw  bolt  put  through  the  0 

tide  and  into  an  inside  sheet,  so  as  to  prevenl  them  fro 

spreading  or  collapsing. 

Q.     Where  arc  stayholts  mostly  used? 

A.  In  locomotive  type  of  boilers,  in  which  boil 
they  are  used  to  hold  the  tire  box  sheet  and  the  outsi 
shell  so  as  to  allow  a  water  space  between  them. 

Q.     What   is  this  water  space  usually  called? 

A.     A  water  leg. 

Q.     How  arc  stay  bolts  made  and  inserted? 

A..    They  are  made  with  one  continuous  thread  V 
screwed  through  the  outside  shell  and  into  the  fire 
sheet,  and  allowed  to  project   through  at  each  end  al 
3/16  inch  so  the  ends  can  be  up-set  and  made  to 
a  brace. 

Q.     What  attachments  to  boilers  arc  necessary 
their  safety? 
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be   safety    valve.    steam    gauge,  gauge   cocks. 
btttr  glass  an<l  fusible  plugs. 

IVbal  is  the  purpose  ol  the  safety  valve? 
I  he  purpose  of  the  safety  valve  is  to  prevent 
»t«am  pressure   from  rising  above  a  certain   point, 
is  usually  the  danger  point 

Is  it  safe  to  have  a  valve  between   the  boiler 
safety  valve? 

No    obstruction    of    any    kind    Should    be 

en  a  boiler  and  its  safety  valve. 

What  is  the  purpose  of  the  steam  gauge? 

To  denote  the  amount  of  steam  pressure  in  the 


*; 


the  steam  pressure  gauge  graduated  to 

li    i-    graduated    to    read,    "t  ate,    the 

-ure  per  square  inch  above  the  pressure  of 
ei  square  inch, 
is  tin    shape  of  the  tube  in  the  Bourdon 
gauge ? 

itical  so  that  whi  n  the  fluid  is 

it   under    pressure    it    will    tend    to   bee 

niter  t«  ■  which  it  is  attached, 
caution  should  be  taken  in  connecting 

The  connecting  pipe  b  i ..  u  the  gauge  ami  the 
■  tier   should  i  lit   as   to  protect    the 

This   bent   tube   is  called  a 


Should  the  lowest  gauge  cock  in  a  return 
11  etl? 

lai  i  il   about  three 
[hi     upp  V      if  tubes. 
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Q.  What  is  the  most  iinpoj taut  valve  on  a  boiler? 

A.  The  safety  valve. 

O.  VVhal    requirement    is    necessary    in    a    safe 

valve? 

A.    That  the  area  <>f  the  valve  be  large  enough 

discharge  steam  as  fast  as  tin-  boiler  can  generate  it. 

Q.     What  is  meant  by  the  horse  power  of  a  boQC 

A.  It  was  first  used  to  signify  that  the  boiler  woul 
furnish  steam  to  an  engine  of  the  same  horse  power,  but 
it  is  no  longer  used  in  that  sense.  It  is  now  an  arbitrary 
Unit,  based  on  a  standard  unit  of  evaporation. 

Q.     Wli.it  is  the  standard  unit  of  boiler  horse  p< 

A.     It  is  the  evaporation  of  30  pounds  of  wati 
a  temperature  of   lOO  degrees    Fahrenheit   into  steam  at 
7c  pounds  pressure,  which   is  considered  equivalent 
the  evaporation  of  34$$  pounds  of  water  from   and  it 
2\2  degrees  Fahrenheit. 

Q.     To  how  many  British  thermal  units  is  a  hors 
power  equal? 

A.     To  33.305   British  thermal  units. 

Q.     What  rule  is  generally  adopted  by  boiler  mak 
ers  to  find  the  horse  power  of  a  boiler? 

A.     They  find  the  number  of  square  feet  of  hcatiti 
surface,  and  divide  it  by  15  square  feet. 

Q.     Why  do  they  divide  by  15  square  feet? 

A.     It  is  the  average  allowance  for  one  horse-pov 
of  a  boiler. 

Q.     Is  this  an  accurate  way  of  rating  boilers? 

A.     No.     Since  the  heating  surface  is  only  one 
the  factors  entering  into  the  quantity  of  steam  general 
per  hour. 

Q.     How    much    coal    per    horse    power    per    hou 
ihOUld   be  Consumed   by  a  good   water   tube  boiler  with 

high  speed  non-condensing  engine! 
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A   In  the  back  tube  sheet,  just  above  the  top  row 
tf  tubes. 

Q.    Where  should  the  fusible  plug  be  placed  in  the 
Ihonotivc  type  of  boiler? 

A.    In  the  crown  sheet. 

Q.  Where  should  the  fusible  plug  be  placed  in  the 
Mum  tubular  boiler? 

A.  One  plug  should  be  inserted  in  the  shell  of  the 
oiler  from  the  inside  one  inch  above  the  flues.  A  sec- 
id  plug  should  also  be  inserted  in  one  of  the  flues  or 
ikes  not  more  than  three  feet  from  the  after  end. 

Q.  What  is  the  size  of  the  ordinary  fusible  plugs 
Bed  in  boilers  ? 

A.  All  fusible  plugs  inserted  in  the  shell  or  drum 
>f  a  boiler  should  have  an  external  diameter  of  not  less 
iw.  one  inch  gas  pipe  screw  tap,  and  an  internal  open- 
if  not  less  than  y2  inch  in  smallest  opening.  All  plugs 
to  be  inserted  in  flues  or  tubes  should  have  an  external 
fazeter  of  not  less  than  y±  inch  gas  pipe  screw  tap,  and 
a  internal  opening  of  J^  inch,  except  flues  or  tubes  of 
'•inches  or  less,  when  plugs  should  be  used  with  an  ex- 
tonal  diameter  of  not  less  than  Y»  inch  gas  pipe  screw 
fy  with  an  internal  opening  Y%  inch. 

Q.  Which  gives  up  more  heat  to  water,  a  horizon- 
b1  w  a  vertical  tube  ? 

A.   A  horizontal  tube. 

Q.  Why  is  it  the  finer  the  fuel  used,  the  higher 
jSst  be  the  chimney? 

A  Because  the  fine  fuel  requires  a  stronger  draft 
fcram  it,  and  the  higher  the  chimney  the  stronger  the 

'2-   What  is  the  purpose  of  reinforcing  rings? 
A.  They  are  used  to  strengthen  the  plate  whete  it 
*  'een  weakened  by  cutting  a  hole  in  it. 


CHAPTER  III. 
COMBUSTION. 


General  Principles  of  Combustion. — Combustion 
the  action  or  operation  of  burning. 

Since  the  fuel  under  the  boiler,  chiefly  in  the  form 
of  coal,  is  the  source  nf  all  the  energy  transmitted  '"  1,IC 
steam  engine,  a  study  of  the  principles  of  combustion  is 
necessary  to  understand  how  in  utilize  as  far  as  po»ji* 
ble  this  power.  Heat  lost  by  imperfect  combustion 
not  be  recovered  by  any  mechanical  means,  and  its  lo 
means  a  needless  waste  of  money.  Even  with  the  mo 
improved  boilers  and  most  careful  attention,  this  I' 
loss  is  enormous.  All  fuels  contain  a  definite  mmit 
of  heat  units,  which  can  be  easily  ascertained  and  wht 
are  definitely  known. 

In  a  pound  of  coal  containing    13.500  of  such 
units,  the  total  loss  amounts  to  as  much  as   12.227 
under  conditions   of  ordinary   work.     This   leave 
1,273  units  actually  converted   into  power,  the   reman 
ing  units  having  been  lost  between  the  furnace  of 
boiler  and  the  belt  on  the  engine. 

Furthermore,  it  can  be  seen  how  necessary  is 
feet    combustion    not    only    from    the    serious    proble 
which  confronts  the  steam  engineer  in   the  economic 
operation  of  his  plant,  but  in  the  burning  of  soft 
without  the  formation  of  black  smoke.     This  bitter  pro 
lem  depends  for  its  solution  much  more  on  intclligen 
work  in  the  boiler  room,  which  work  requires  a  knnv 
edge  of  economical   combustion,  than   on   patented  fn 
riaces  and  smoke  consumers. 
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Coal. — All  coal  is  composed  largely  of  various  coin- 
pounds  of  carbon  and  hydrogen  called  hydrocarbons. 
When  the  coal  is  heated,  these  compounds  arc  driven 
off  partly  in  the  form  of  prases,  and  partly  as  vapors. 
The  substances  driven  off  from  the  coal  by  heat  arc 
railed  volatile  substances,  while  the  portion  remaining 
form*  coke,  which  is  comj>osed  chiefly  of  carbon.  The 
ts  of  separating  the  gases  and  vapors  from  the  part 
oi  the  coal  that  cannot  be  va|Kjrizcd  by  the  mere  action 
it.  is  railed  distillation. 

Coal    is   composed   of   carbon,   hydrogen,   nitrogen, 
wijihur.  oxygen  and  ash.     These  elements  exist   in  all 
bat    in    varying   quantities,   depending   upon    the 
character  ami  quality  of  the  coal. 

In  the  best  grades  of  bituminous  coal  tin 
constitute  about  the  following  per  cent,  viz.:  Car- 
bon 81  per  cent:  Hydrogen,  v  i  per  cent;  Nitrogen,  i 
percent;  Sulphur,  1 '  :•  per  cent;  Oxygen,  <>'A  per  cent, 
ih,  4¥\  per  cent,  making  a  total  of  too  per  cent. 
rifted  according  to  the  per  cent  these  dif- 
ferent elements  are  contained  in  it,  ami  all  coal  can  be 
arranged  in  five  classes,  viz, 

First.  Anthracite,  consisting  almost  entirely  of  free 
carbon. 

Second,  Drj    Bituminous  coal,  having  from  70  to  80 

bon. 
Third.   Bituminous,  raking  coal,  basing   from   50  to 
fio  per  cent  of  carbon. 

nnel  coal,  having  from  70  to  85  pei 
of  cart 

Fifth,  I. ignite,  in   1 1  1.  containing  from  56  to 

cent  of  carbon. 
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Approximate  Heating  Value  of  General  Grades  of  CoaL 

Per-Cent  of-Combustible.    Heating  Value 

, < ,    Per  Pound  of 

Kind  of  Coal.  Fixed  Carbon.       Matter.       Combustible. 

Anthracite 97.01092.5      3.0 to    7.5     14,600 to  14,800 

Semi-anthracite  92.5  to  87.5       7.5  to  12.5     14,700  to  15,500 
"     bituminous  87.5  to  75        12.51025        15,500  to  16,000 
Bituminous — 

Eastern   75     to  60       25    to  40        14,800  to  15,200 

Western    65     to  50       35     to  50        13,5001014,800 

Lignite    Under  50       Over    50        11,000  to  13,500 

Wood. — Next  in  importance  to  coal  as  a  fuel,  wood 
is  most  generally  used.  Wood  as  a  combustible,  can  be 
divided  into  two  classes: 

First,  hard  wood,  such  as  oak,  ash,  beech  and  elm- 
Second,  soft  wood,  such  as  pine,  birch  and  poplar. 
Wood  contains  a  great  deal  of  moisture,  and  eve** 

several  years  after  having  been  cut  and  kept  in  a  dry 

place,  it  retains  from  15  to  20  per  cent  of  this  moisturC- 
The  steam  producing  power  of  wood  has  been  foun<* 

to  be  but  little  over  half  that  of  coal,  owing  to  the  grea.* 

amount  of  water  retained  in  it. 

Peat. — This  is  the  organic  matter  of  vegetable  so*' 
of  boggs,  swamps  and  marshes.  In  its  natural  cond*" 
tion  it  contains  from  75  to  80  per  cent  of  water,  and  is 
therefore  of  but  little  value  for  steam  producing  power- 
Petroleum — The  use  of  crude  oil  as  a  fuel  is  increas- 
ing very  rapidly,  owing  to  the  increased  production  r«-* 
ducing  the  price.  Petroleum  possesses  many  advantage* 
as  a  fuel,  among  which  are  the  ease  of  controlling  the  fire» 
and  the  absence  of  smoke  due  to  the  uniformity  of  combus- 
tion. 
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About  126  gallons  of  the  crude  oil  is  equal  to  or 
short  ton  of  good  steam  coal. 

In  Tabic  No,  2  is  given  the  approximate  weight 

one  cord  of  different  kinds  of  kiln  dried  woods,  and  thei 
evaporative  power  compared  with  coal  of  average  qatl 

ity. 

In  Table  No.  3  is  given  the  comparative  cost  of 
and  coal,  together  with  tin-  equivalent  price  of  oil  per  bar 
rel. 

Natural  Gas. — The  use  of  natural  gas  as  :i  I'm  1  is  als 

rapidly  increasing,  due  t'>  the  many  new  wells  beiBj 
found  in  different  portions  of  the  country. 

On  an  average,  30.000  cubic  feet  of  this  gas  is  the 
equivalent  of  one  ton  of  s^ood  steam  coal.  Practically  one 
pound  of  ^;is  is  equal  to  two  pounds  of  coal. 

If  one   ton  of  coal  costs  $2.00,  then   natural  gas   I 
be  worth  from  seven  and  one-half  to  ten  cents  per   I,' 
Cubic  feet  to  permit  of  its  economical  use. 

It  is  with  coal  as  a  steam  producing  power  that   we 
are   mostly   interested.     In    order  to  obtain   the    proper 
combustion  of  any  fuel,  a  certain  amount  of  air  is  n.  • 
sary  to  be  introduced  into  the  furnace. 

Draft. — There  are  several  methods  of  producing  the 
air  required  by  a  furnace  for  the  combustion  of  the  fuel 
the  two  principal  ways  of  producing  a  draft  as  it 
called,  being,  viz.: 

First,  by  means  of  a  chimney,  which  is  a  natural 
draft. 

Second,  by  means  of  a  fan.  blower  or  jet,  which  is 
c  died  an  artificial  or  mechanical  draft. 

Natural  Draft.— Such  a  draft  is  produced  by  the 
difference  between  the  weight  of  a  column  of  hot  gases 
contained  within  a  chimney,  and  the  weight  of  the  same 
bulk  of  cold  air  on  the  outside  of  the  chimney.     It  is  well 
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known  that  any  gas  when  heated  is  lighter  than  when 
cool.  Now,  when  the  hot  gases  pass  into  the  chimney 
they  have  a  temperature  of  at  least  400  degrees  and  some- 
times much  higher,  while  the  air  outside  the  chimney 
has  a  temperature  from  40  degrees  to  100  degrees,  de- 
pending upon  the  weather.  Roughly  speaking  the  air 
outside  the  chimney  weighs  twice  as  much,  bulk  for 
bulk,  as  the  hot  gases  within  the  chimney.  Therefore 
the  pressure  in  the  chimney  is  less  than  the  pressure 
on  the  outside  of  the  chimney,  and  the  heavier  air 
will  flow  to  the  place  of  lower  pressure,  that  is,  into  the 
chimney  through  the  furnace,  it  being  the  only  inlet  to 
same,  thus  producing  a  draft. 

Artificial  or  Mechanical  Draft. — This  character  of 
draft  is  produced  by  means  of  fan  blowers  or  steam 
jets.  According  to  the  manner  in  which  it  is  applied, 
this  draft  is  known  as  a  forced  draft  or  an  induced  draft 
Combustion  is  greatly  increased  by  forcing  or  drawing 
more  air  into  the  furnace  by  these  means. 

Advantages. — The  principal  advantages  claimed  for 
mechanical  draft  are  as  follows : 

(1)  The  ability  to  control  the  rate  of  combustion. 

(2)  A  close  regulation  of  the  air  required  for  com- 
bustion, thus  avoiding  improper  combustion. 

(3)  Reduction  of  the  first  cost  for  producing  the 
draft  required. 

(4)  Permits  the  installation  of  regenerators  and 
economizers  without  the  necessity  of  providing  addi- 
tional means  for  maintaining  the  draft. 

(5)  Permits  an  absolutely  uniform  draft,  regardless 
of  atmospheric  conditions. 

(o)  For  increasing  the  draft  whore  insufficient 
chimney  capacity  exists. 
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(7)     Permits  the  use  of  highly  heated  air  for  eon 
bastion   without  increasing  the  waste  heat. 

1S1  \\  iili  mechanical  draft  the  draft  ia  independent 
of  tin  condition  of  the  fire,  and  consequently  a  banked 
fire  can  be  Started  Up  quickly.  With  a  natural  draft,  the 
intensity  of  the  draft  depends  on  the  intensity  of  the  fire, 
«id  is  therefore  least  when  the  lire  is  low  and  draft  is 

:h  a  mechanical  draft  the  temperature  of  the  fur- 
nace b  always  under  control,  and  without  waste  of  heat. 
Such  a  draft  is  I  Kith  positive  and  flexible,  and  with  it  can 
It  obtained  and  maintained  almost  perfect  combustion, 
which  means  that  all  useful  heat  is  utilized,  and  the  com- 
plete aba  -.11  smoke  and  smell. 

With  the  forced  draft  system  the  air  is  forced  through 
lac  tires  from  ihc  closed  ash  pit,  while  with  an  induced 
■fraft.  it  i<  drawn  through  the  tires  by  creating  a  vacuum 
the  fires,  In  the  induced  system  the  exhaust  fan  is 
tsed  in  place  of  the  chimney,  01  supplementary  to  it.  the 
product  ibustion  being  drawn  into  the  fan  and  ex- 

hausted into  the  chimney,  which  needs  to  be  merely  high 
to  carry  the  smoke  and  gases  clear  of  the  roof 
building.      Ihc    fan    itself    maintains   the   partial 
vacuum   that   would  exist  with    a    chimney    of  suitable 
In.     Fig  40  show  these  two  systems  in  oper- 

With  the  induced  draft  system  ilu-  maximum  intcn- 
the  draft  obtainable  is  greater  and  permits  a  much 
•.    regulation  than  with   the  forced-draft  sys- 
tem.   The  leakage  of  air  is  also  inward,  thus  avoiding 
the  constant  outward  leakage,  as  in  the  forced-draft  sys- 
tem. 
The  induced-draft        item  offers  the  additional  advan- 
B  that  the  supply  of  air  above  the  fire  can  be  nicely 
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adjusted  to  tecure  more  perfect  combustion.    While  th 

maximum  intensity  of  tin*  <lr;tft  of  the  chimney  is  largel 

dependent    upon    atmospheric    conditions,    as  well    a: 

height,  the  intensity  of  the  draft  when  produced  I) 
ically  is  limited  only  by  the  speed  of  the  fan.  which  ca 
be  made  to  cover  a  wide  range  of  conditions. 

When  a  forced  draft  alone  is  used  with  a  chimney, 
the  forced  draft  and  the  chimney  pull  should  be  SO  re 
ulated  that  a  perfect  balance  of  the  ga  e    is  maintained 
When  such  a  condition  exists  no  cold  air  can  be  drawn 

into  the  furnace,,  even  when  the  fire  doon  arc  left  open 

Perfect  Combustion. —  In  order  to  produce  combus 
tion,  the  carbon  and  hydrogen  in  the  coal  must  combine 

with  the  oxygen  in  the  air,  and  when  we  get  the  propir 

combination  of  these  i  lementt  tin  result  is  perfect  com- 
bustion. A  high  furnace  efficiency  demands  a  proper 
amount  of  air  be  supplied  to  the  furnace  per  pound 
fuel  burned.  If  too  little  air  is  supplied,  it  results  in  loss 
due  to  the  incomplete  combustion  of  the  fuel,  part  of  ttU 
carbon  being  burned  only  to  carbon  monoxide  CO  in- 
stead of  to  carbonic  oxide  CO2,  as  it  should  be  if  th 
bUStion  is  Complete  On  the  contrary,  too  much  air  low- 
ers the  temperature  of  the  furnace  gases  and  thereby  de- 
creases the  heat  transferred  per  unit  of  heating  surface, 
owing  to  the  slight  difference  between  the  heated  gases  of 
the  furnace  and  the  temperature  of  the  water  inside  the 
boiler.  Too  much  air  also  accelerates  the  flow  of  gases 
through  the  tubes  and  flues  of  the  boiler,  thus  giving  less 
time  for  their  heat  to  be  absorbed,  It  is  therefore  neces- 
sary that  only  the  amount  of  air  required  to  burn  the 
coal  be  admitted  to  the  furnace.  The  amount  varies,  tm: 
it  is  generally  found  that  from  12  to  24  pounds  of  air  is 
needed  to  burn  one  pound  of  coal. 
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to  order  that  one  may  clearly  sec  why  this  amount 

the  proper  combustion  of  coal, 

urn    that    the    air    is    composed    of   ji    parts   of 

W»gfn  and  79  porta  of  nitrogen  by  volume,  or  33  porta 

d'ongen  ami  77  pi  ifa  igen   b)    weight;  and  when 

•r  rtmtniber  that  the  air  that  supplies  a  boiler   furnace. 

:  ei  furnace,  is  supplied  by  volume,  or  accord- 

»  the  space  vacated  by  the  products  of  combustion, 

that  it  is  necessary  to  take  in  a  great  deal  of  air 

lining  an  element  that  we  do  i>"t  need,  in  order  to 

hr  oxygen  which  :■■  necessary  for  combustion. 

Draft  Water  Gauge. — The  intensity  of  the  draft    is 

iy  means  ol  a  water  gauge, as  shown  in  Fig.  41. 

gauge  consist-    of  a  glass   tube,  open   at   Ixitli   ends, 

t  to  the  shape  of  the  letter  U.  To  use  the  gauge  the 

liimncy  and  the  ripht  lep 

topen  to  the  outside  air  The  air  outside  the  chimney 

[heavier,  it  pr«  In  surface  of  the  water  in  this 

ie  ol  ii  up  higher  in  the  left  leg.    The 

nee  in  the  two  wal  ;i  in  the  legs  represents 

the   draft,   which    is   expressed   not   in 

1  inches. 

Amount  —  Wood  requires  one-half  inch  of  draft :  bitu- 
requires  less  draft  than  anthracite.    To  burn 
r  slack  coal  requires  about  one  and  one-fourth 
I  of  draft.     Two  inches  is  about  as  much  draft  as 
ined  with  a  natural  draft,  but  with  a  mechan- 
ic inches,  if  necessary,  can  be  easily  obtained; 
at  which  it  is  necessary  to  run  the  fan  depend- 
peraturc  of  the  heated  pases. 
-The   standard  test   for   determining    the    cf- 
n  is  the  test  for  CO2  (Carbonic  ox- 
e  perfect  the  combustion,  the  higher  be- 
,:tgc  of  this  gas.     With  2  per  cent  only  of 
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CO2  in  the  gases  of  combustion,  the  loss  of  heat  would 
be  as  high  as  60  per  cent,  due  ti>  the  heat  being  absorbed 
by  the  excessive  amount  <>f  •-■< >i<  1  ;iit  admitted  t<>  the  fur- 
nace. With  10  per  cent  of  GO2,  the  loss  <>f  heat  is  re- 
doced  I"  15  pel  cent,  while  with  15  per  cent  of  C03,  the 
unes  (inly  about  10  per  cent. 

On  the  contrary,  the  greater  the  per  cent  of  CO  (car- 
bon monoxide),  the  more  imperfect  the  COttlbUStfon,  due 
to  the  lack  of  sufficient  air. 

Smoke. — As  we  have  before  stated  one  of  the  most 
serious  problems  that  confronts  the  engineer  or  fireman 
is  the  prevention  of  smoke  which  forms  from  the  im- 
perfect combustion  of  "soft."  or  bituminous,  coal. 

Smoke  consists  of  the  minute  particles  of  solid  car- 
bon left  when  the  hydro-carbons  are  but  partially  boned 
Smoke  therefore  indicates  imperfect  combustion. 

Smoke  Prevention. — In  order  to  prevent  smoke  wc 
must  have  complete  combustion,  and  in  order  to  obtain 
complete  combustion,  we  must  maintain  a  high  temper- 
ature in  a  properly  designed  furnace,  with  ample  SpOtt 
for  the  gases.  In  an  externally  fired  boiler,  this  is 
tained  by  making  the  space  above  the  fire  sufficient  to 
allow  the  gases  to  become  completely  consumed.  The 
average  distance  between  the  grate  bars  and  the  crown 
sheet  is  therefore  usually  made  about  2  feet. 

If  this  distance  is  made  too  great,  some  of  the  effec 
of  the  heat  is  lost;  if  the  distance  is  too  small,  the  plates 
are  likely  to  be  damaged  by  being  burned,  and  the  com- 
bustion is  also  impaired.  In  internally  fired  boiler*  I  hi- 
presents  one  of  the  chief  troubles,  the  combustion  and 
radiating  spaces  being  often  sacrificed  for  a  large  grate 
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Smoke  is  produced  not  so  much  from   improperly 
constructed   furnaces,   as   from   the   improper   operation 


Draft  Gauges. 
Fig.  -11. 
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or  firing  of  same.  In  order  to  maintain  the  high  furnace 
temperature  necessary  for  the  prevention  of  smoke,  the 
furnace  must  be  properly  fired,  which  requires  a  com- 
petent engineer  or  fireman  to  be  in  charge. 

Proper  Firing. — A  furnace  is  properly  fired  when  the 
fuel  is  consumed  in  the  best  possible  way.  no  more  being 
burned  than  what  is  Deeded  for  producing  the  required 
quantity  of  steam.  For  this  purpose  there  must  be  main- 
tained a  high  furnace  temperature  which  requires  com- 
plete combustion  in  the  furnace,  and  with  such  temper- 
ature and  complete  combustion  there  can  be  no  smoke. 
To  produce  this  desired  result,  the  fuel  must  be  fired 
equally  and  regularly,  not  in  large  quantities,  but  a  little 
at  a  time  and  frequently. 

When  more  fuel  than  is  necessary  is  thrown  in  the 
furnace,  the  fire  is  cooled  off  and  the  circulation  of  the 
air  is  impeded.  If  too  little  fuel  be  fired,  the  fire  cannot 
be  kept  up  as  it  soon  grows  thin,  thus  permitting  more 
air  to  pass  through  the  grate  than  is  necessary  for  com- 
plete combustion.  The  grate  therefore  must  always  br 
kept  well  covered  with  a  fire  of  equal  thickness.  Bare 
spots  in  the  fire  must  never  be  allowed  to  occur,  but 
should  be  covered  over  at  once,  as  cold  air  passes 
i  In  oiigh  the  fire  in  such  places. 

The  thickness  of  the  fire  must  be  regulated  in  ac- 
cordance with  the  quality  and  size  of  the  fuel,  in  ordo 
that  only  the  proper  quantity  of  air  should  pass  through 
the  grates. 

In  order  to  regulate  the  amount  of  air  taken  in  th> 
furnace,  it   is  not   only  necessary  to  see  that  the  gratr 
bars,  through  which  most  of  the  air  i>  taken  into  the  W 
nacc.  be  properly  cleaned,  but  the  chimney  damper  am! 
furnace  doors  must  also  be  managed  with  much  skill.  Th 
furnace  door*  sin  mid  he  so  arrangi  il  as  m  permit  the 


causing  injuries  from  contraction  and  expansion 
e.  The  damper  must  never  he  entirely  closed 
here  is  fire  on  the  grates,  as  a  dangerous  explo- 
ight  occur.  During  the  operation  of  the  boiler 
mper  should  generally  be  left  open  so  as  to  in- 
the  draft  as  much  as  possible.     On  "banking"  the 

night,  that  is  to  push  it  back  on  the  grate  and 
it  over  with  fresh  fuel  so  as  to  keep  the  fire  over 
he  morning,  the  damper  is  almost  closed,  it  only 
left  open  sufficient  to  prevent  any  danger  from 
Uection  of  gases. 

Tjen  firing  or  cleaning  out  the  furnace,  the  fur- 
oors  should  be  kept  open  as  short  time  as  possible, 
ler  to  prevent  the  cold  air  entering  the  furnace, 
irnace  doors  should  never  be  opened,  except  when 
ary,  and  then  only  as  short  time  as  possible.  It 
ominon  practice  among  engineers  and  firemen  to 
the  fire  doors  slightly  open  in  order  to  prevent  the 
tion  of  smoke,  this  allowing  more  air  to  enter  the 
:c    This  is  a  bad  practice  as  it  means  a  waste  of 

While  it  is  generally  thought  that  the  formation 
ick  smoke  in  furnaces  means  the  waste  of  fuel,  it 
«n  found  that  this  is  not  correct. 
Tie  actual    financial    loss  caused    hv   the   escane   of 
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Mechanical  Devices. — Many  methods  have  been  « 
vised  to  prevent  the  formation  of  smoke,  with  more 
less  success. 

Among  the  most  important  of  these  mechanical  i 
vices,  is  the  introduction  of  jets  of  steam  into  the  fur- 
nace to  more  thoroughly  mix  the  air  and  combustible 
gases;  also  fire  brick  arches,   mechanical   Mokeis.  d 

draft  furnaces  and  fuel  econbmizers. (  •!  these  methods  for 
smoke  prevention,  the  use  of  steam  jets  is  by  far  the 
most  common. 

Steam   Jets. — The  principles   upon    which   all    these 
steam  jets  depend  for  their  operation  arc  the  same,  be 
as  follows: 

(1)  By  passing  the  steam  over  the  fire  so  as  to  strike 
low  on  the  bridge  wall  the  hydro-carbons  Jtre  not  al- 
lowed to  pass  higher  than  the  steam,  for  the  reason  that 
as  soon  as  they  come  in  contact  with  the  moisture  of 
the  steam,  they  are  precipitated  back  into  the  fire  and 
are  consumed. 

(2)  In  forcing  a  jet  of  steam  into  the  furnace  a 
greater  circulation  of  gases  is  produced,  thereby  secur- 
ing greater  combustion  and  efficiency  from  the  fuel. 

(3)  In  passing  steam  over  the  tire  a  large  amount 
of  oxygen  is  drawn  into  the  furnace,  both  above,  ami 
below  it.  thereby  burning  all  hydro-carbons  before  they 
strike  the  boiler  tubes,  and  consequently  there  is  nothing 
to  pass  off  as  smoke. 

Steam  jet  blowers  can  at  their  best  only  produce  a 
moderate  draft.  Experiments  made  show  these  jets  to 
use  from  8.3  per  cent  to  21.2  per  cent  of  the  steam  gen- 
erated in  the  boiler  to  which  the  jets  arc  applied  In 
addition  to  this  enormous  amount  of  steam  used  by  them, 
they   are   most   objectionable   on    account  of  the   noise 


STATION  \k\    i 


147 


imi).    The  only  advantage    which    they  pos- 
i  i:iim    thai    the    steam    discharged    through 

•linkers;  from   Forming  "ii  the  prates  with 
kinds  ol  coal. 

Down  Draft  Furnaces. —  The  only  mechanical  de- 
has  met  with  an)1  success  in  smoke  prcven- 
down  draft  furnace. 

this  furnace  there  are  two  grates,  one  a  foot  or 

above  iht-  other.      Fresh  coal    is  fed   to  the  upper 

,ind  as  it  becomes  partially  consumed  falls  through 

grai'-  below   where  the  combustion  is  completed. 

i  drift  is  downward  through  the  upper  grate  and  up- 

igh   the    lower   prate,   the   connection   to   the 

ey   being    from    the    space    between    the    grates. 

the  draft  throtiRh  the  tipper  tire  doors  and  grates 

nward  the  draft  through  the  lower  fire  doors  is  a 

.-.  is  shown  in  Fig.  42.    The  volatile  gases 

down  through  the  bed  dm  the  upper  grate. 

mrned  in  ce  below  it  where  they  meet 

ibc4  air  drawn  upward  from  the  lower  grate. 

iw  furnace  can  be  seen   from  the  above  descrip- 
>e  a  most  excellent  smoke  preventer.     The  prin- 
which   it  operates,   consists    in    the    obtaining 
1    li.    m<  m     of  the  two  furnaces, 
curing  a  thorough  mixture  of  the  gas  and  air, 
•hrough  a  mass  of  burning  fuel  and  finally 
them    in    a    combustion    chamber    over    another 
incandescent  fuel.     In  Fig.  43  is  shown  a  hon- 
or,  installed  with  a  down  draft  fur- 
la  furnace  has  been  considered  above  only  as  a 
enter,  but  in  a  later  chapter  its  construction 
ffl  will  be  fully  discussed. 
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Sufficient  Boiler  Capacity. — Even  with  proper  fi 
u   i-  impossible  to  prevent  smoke  from  the  luirnin 
bituminous  coal  if  the  boiler  is  forced  beyond  it-  ' 
mum  capacity.     All  boilers  arc  constructed  SO  as  to 
mit   them   to  be   forced   beyond   the  ordinary   word 
which    they   are   constructed.     This   becomes    ncccs 
owing  to  the  chsncta   of  ill'    work  or  load  require 
them,  as  in  street  car  work.     In  such  work  the  loi 
not   a   Constant   load,   but   at   certain   hours  of   the 
when  tnvel  is  the  greatest  the  boiler  is  rcquin 
much  more  than  would  be  the  work  of  a  constant 
To    meet    these    requirements   boiler   makers   selH 
boilers  with  the  understanding  that  they  can  bi 
as  much  as  33  1/3  per  cent  beyond  their  rated  caps 
It  is  the  forcing  of  boilers  beyond  their  maximum  cj 
ity  which  causes  to  a  large  extent  the  format: 
In  the  furnace,  due  to  the  imperfect  combusti 
hard  firing,  thereby  exceeding  the  capacity  of 
and  furnace. 

The  only  prevention  of  smoke  in  these  c 
install  a  larger  boiler,  or  decrease  the  load  on 

in  use. 

Chimneys. — The  proper  combustion  of  the 
the  furnace  requires  a  chimney  of  proper  size  a 
struction,  especially  when  a  natural  draft  is  used, 
neys  arc  made  usually  of  brick  or  steel  plates. 
steel  they  are  always  circular,  but  may  be  made  ci 
square  or  hexigonal  when  made  of  brick.  A  steel 
ncy,  or  stack,  is  constructed  of  plates  of  steel  ri 
together.  The  shell  so  constructed  is  bolted  to  a 
foundation  using  a  foundation  ring  of  cast  iron, 
is  then  self  supporting:  or.  it  is  held  in  place  by 
of  guy  ropes  or  cables.  The  shell  is  lined  with 
brick,  varying  in  thickness  from  12  to  18  inches  a 
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i  to  cit  at  the  top.     This  lining  does 

strength  of  the  chimney,  but   it  used  to 

loss  of  heat  through  radiation  from  the  shell. 

mney  is  built  in  two  parts,  one.  being  the 

used  to  resist  the  wind  pressure, 

r,  the  lining  or  core,  which  is  the  Hue.    This 

t  flue  is  made  separate  from  iln   external  shell  in 

tut   it    may   expand   without   straining   the  outer 

■  hi  45  are  shown  cross-sections  of  iron 

stacks. 

ht   and    Dimensions. — As  the   rate  of  combus 
1(h)  upon  the  height  of  the  chiqi- 
a  natural  draft  definite  rules  or  for- 

ed  to  determine  same.     A  chii 

25  feet   high   will  cause  a  sufficient  draft   to 

s   pounds  of  coal  per  square  foot  of  grate 

Increasing  the  height  increases  the  rate 

bastion.     If  the  same  chimney  is  made   100  feet 

combustion  will  1>c  about  10  pounds  per 

■f  grate  area  per  hour.     By  increasing  the 

is  chimney  to  about  180  feet,  the  amount  of 

r  square  foot  of  grate  area  per  hour,  could 

e*tt<'  I'junds. 

height  of  the  chimney  varies  with  the  fuel  to 
I  the  character  and  work  required  of  the 

-e  power  required  of  a  plant  deter- 

a  great  extent  the  height  and  size  of  the  chim- 

chimncy  of  a  given  height  ami  diameter  should 

f  tin-  horse  power  to  be  dc- 

s  to  which  it  is  attached. 

he  chimin  letermines  to  a  great 

nt  of  coal  that  can  be  burned  in  the  furnace. 

the  pounds  of  coal  that  can  be  burned 

chimneys  of  different  heights. 


MM  I'oot  Iron  Slack.  I,lned  with  Uriclt, 
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Tht  dimensions    shown    in    Table    N'o.    4   have   been 
ted  as  the  standard  height  of  chimneys  for  the  com- 

bone  ]>o\ver  stated. 
Heights  of  Chimneys. — The  following  heights  are 
itcommended  for  chimneys,  with  the  coals  mentioned: 
1  feet  for  free  burning  bituminous  coal,  ioo  feet  for 
t-buming  bituminous  slack,  115  feet  for  slow-burn- 
bituminous  coal,  125  feet  for  anthracite  pea  coal,  150 
for  anthracite  buckwheat  coal.  With  such  coal  as 
Olive,  a  150-foot  stack  is  recommended.  With  plants 
Bttng  600  or  more  horse  power  of  boilers,  180  feet 
to  Ac  minimum  height,  irrespective  of  the  kind  of  coal 
lut  is  to  be  burned.  For  large  plants  a  200-foot  stack 
fcnot  excessive. 

Gauge  and  Prices. — The  gauge  and  price  are  deter- 
twd  by  the  diameter  of  the  stack.  For  a  stack  10 
fcbesto  18  inches  in  diameter,  use  a  No.  18  gauge  iron, 
rtichwill  cost  about  5  cents  per  pound.  From  18  inches 
inches  diameter,  use  18-inch,  16-inch  and  14-inch 
which  will  cost  5  cents  per  pound ;  and  for  larger 
ers,  use  10-inch  and  12-inch  gauge,  costing  for  No. 
upnge  lYi  cents  and  No.  10  gauge  3,T4  cents  per  pound. 

QUESTIONS  AND  ANSWERS. 

Q-   What  is  combustion? 

A.   It  is  a  process  of  rapid  oxidation. 

Q.   What  is  necessary  to  carry  out  this  process? 

A.  It  is  necessary  that  the  carbon  and  hydrogen  in 
P  iwl  combine  with  the  oxygen  in  the  air,  and  when 
•tptthe  proper  combination  the  result  is  perfect  com- 
*«ion. 

Q-   How  is   the  oxygen  necessary  for  combustion 

*tained? 
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It  is  obtained  from  the  air  which  is  forced  or 
the  furnace.     From  4.32  pounds  of  air,  only 
and  of  oxygen  is  obtained. 

her  element  is  forced  or  drawn  into  the 
the  air? 

•gen.     One  pound  of  nitrogen  is  contained 
la  of  air. 

Is  nitrogen  needed  for  combustion? 

performs     no     useful     work     in 
rough    the   furnace   without 
1 1  dilutes  the  air.  absorbs  the  heat  and  re- 
Furnace  temperature.     It  is  the  chief  source  of 
!  loss  in  furnaces. 

.;.   :i     .-i.Mibitlf:     Willi      till,      caibuli      iiiul 

.1!  t!  lis  f.  uned? 

11  .■  1.   and  water  vapor 

it   conditions  arc  necessary  for  economical 

There    miM   be  a  sufficient  air  supply,   evenly 
and  a  high  Fun  mperature. 

ion? 
•1    all    the   ga^es  d    in    the    burning 

nstantly  unite  with  the  oxygen  of  the  air. 
ire  this  there  must  he  a  sufficient  supply  of  air 
kkagh  furnace  temperate 

much    air    is    required    to    consume   one 
al? 
Aboul   IJ  or  aboul    too  cubic  feet. 

M   many  cubic  feet  of  air  enters  a  fur- 
g  a  good  natural  draft  ? 

■  cubic  feet  per  minute  to  each  square 

hat  do  you  mean  by  i)rait  ? 
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is  the  air  supplied  to  the  furnace  fur  the  com- 
fad. 
How  many  ways  can  a  draft  be  produced? 

i )   By  means  of  a  chimney.     (2) 
of  a  fan  or  blower. 
How  is  a  natural  draft  produced? 
It  is   produced   by  the  difference  between   the 
ht  of  a  column  of  the  hot  gases  contained  Within  a 
be  weight  of  the  same  bulk  of  cold  air  on 
a  chimney. 
bat  is  the  object  of  a  chimney  or  stack? 
A.    To  produce  the  proper  combustion  of  the  fuel 
I  the  furnace,  and  to  carry  away  the  spent  gases. 
Q,     How  docs  the  chimney  or  stack  do  this? 
A.     By  increasing  the  amount  of  air  that  is  drawn 
I    I 

itlcrcnce  between  a  chimney  and 

15ti 

I  hey     usually     iksignate    the    same    thing,    but 

teel  or  iron  they  arc  called  stacks. 
0(  what  an-  chimneys  or  stacks  usually  made? 
'hough  concrete  is  com- 
•  use  for  this  purpose. 
What  effect  on  combustion   has  the  increasing 
height  of  the  chimney  or  stack? 
A,     Increasing  the  height  increases  the  rate  of  com- 
fbttJoi 

Q.      Why   iv   this 

olume  01   Ixilk  of  air  inside 
h  require     more  cold   air 
.  the  fol  :  fill  its  place. 

Q.    What  determines  the  height  and  diameter  of  a 
It? 


• 

WEIGHTS  OF  IRON    STACKS;    WITH  GAUGES  AND  PRICES. 
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A.    The  work  required  of  a  boiler,  and  the  character 
the  fuel  to  be  burned 

aire  a   higher  chimney  or   stack   t«> 
|nrn  ant hra-  bituminous  coal? 

A.    Anthracite  coal  requires  .1  much  stronger  draft 
hum    it   than   bitumi  oat,  and   hence   a   higher 

Q.    Of  whit  are  the  fuels  in  common  use  composed? 
A.     Chiefly   of  carbon   with   a  small   percentage  of 
ydrogen.  >  mbustiblc  matter  called  ash. 

much    carbon    does   anthracite   coal    con- 

V 

A. 

A. 

A.    It  is  produced  by  forcing  the  air  into  the  ash  pit 

n  blowers  or  steam  jets.     It  is  also  pro- 

icking  or  drawing  the  air  into  the  ash  pit  and 

h  tlu-  fire  by  means  i>t"  fans,  which  create  a 

Mum  in  the  chimney.     The  air  rushe-.  into  the 

iill  this  partial  vacuum   which   is   formed  in 

thiinn- 

\\  hat  are  the  advantages  of  ;m  artificial  or  mc- 
•fceical  draft? 

A.     It   1  ol   a    much   smaller   chimney  to   be 

uch  <if  o  a  great  saving  in  expense.     Such 

easily  controlled,   and   is  independent  of 
jstather  conditions. 

Q.    What  di  nee  of  smoke  indicate? 

A.    In  combust 


From  o:»..<i   to  100  per  cent  of  fixed  carbon. 
Bituminous  coal  contains  how  much  carhon? 

pel  cent  of  fixed  carbon. 
Does  wood  contain  any  carbon? 

..ut  50  per  cenl  of  carbon. 

artificial    or    mechanical   draft    pro 
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What  i*-  n  "i  the  formation  ol 

ai  KMinl  'ii       l"o  obtain  more 

m-  aii  .  i.i!  r  tin-  fttrnai  i 
i ■  •  also  necessary .  so  that 

completely 
ire  leaving  the  fin 
too  much  :iir  ho  permitted  to  enter  the  fur- 
ill  lower  the  temperature 
furn;i  mly  a  needless  waste  ol  heat, 

the  furnace  below 

limum  point  to  which  the  Furna 
Wprratnrc  nhnuld  all 

^«>  tlegr.  >-  I  aim  nh.  it.  as  that 
ustihlc  elements  in  fuel. 

.  .1   1. 1 !'  v.   the  fire  in 

.    tin    fin     but   tin    larger 
i  should  n  from  below  the  fire,  through  the 

Klgll  •  1 1 .    grate  bars. 
How  nI)"hI'I  it  enter  the  rurnace  abov.     he  tire: 
h  the  fire  •!■» t-.  h..l|  ;  01  through 

ill*. 

tin    air  supply  from  be- 
lli} heated  in  passing 
fuel  bed.     It  also  comes  int.  l  ate  con- 

11    .is    ||ie>     ai       foi     1 .1,    i!i.  r 
.    the   hn!t<    1    |mii    of   tlic    fui 
1 .11  bust  ion. 
:..   taking   the   air    ah.  v< 
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A.  The  cold  air  through  the  fire  doors  comes  in 
quick  contact  with  the  heated  shell  or  boiler  plates,  thus 
chilling  them  and  causing  unequal  contraction  and  ex- 
pansion. 

Q.  How  is  air  generally  introduced  above  the 
grates  ? 

A.  Through  a  perforated  inner  door,  or  a  damper 
arrangement  in  the  outer  fire  door. 

Q.  What  is  the  object  of  using  steam  jets  in  a  fur- 
nace? 

A.  To  prevent  smoke  by  supplying  the  furnace 
with  more  air,  as  air  is  drawn  in  through  the  jets  with  the 
steam. 

Q.  Does  the  decomposition  of  the  steam  thus  in- 
troduced into  the  furnace,  add  any  heat  to  the  furnace? 

A.  No,  none  whatever,  as  the  heat  taken  from  the 
furnace  to  decompose  the  steam  into  oxygen  and  hydro- 
gen, is  simply  replaced  by  the  burning  of  the  hydrogen. 

Q.     How  is  the  formation  of  smoke  best  prevented? 

A.     By  proper  firing. 

(J.     How  does  this  prevent  smoke? 

A.  By  firing  the  furnace  a  little  at  a  time  and  often, 
a  sufficiently  high  furnace  temperature  can  be  maintained 
to  burn  all  the  gases  and  the  unconsumed  particles  of 
carbon  as  soon  as  they  are  formed.  To  do  this,  the 
grates  must  be  kept  free  for  the  passage  of  air,  and  this 
can  only  be  done  by  proper  firing.  The  coal  must  be 
charged  in  small  lumps  and  evenly  distributed  over  the 
grate  bars  so  as  to  have  a  clean,  even  fire. 

Q.  When  a  furnace  is  properly  fired  what  takes 
place? 

A.  The  gases  distilled  from  the  fresh  coal  thrown 
in  on  front  of  grates,  will  be  ignited  while  passing  over 
the  incandescent  coals  on  rear  of  grates,  and  the  hydro- 
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-  will  he  entirely  consumed  instead  of  being  dis- 
durged  from  the  chimney  as  smoke.  After  die  coal  to 
frmt  has  been  "coked"  as  it  is  called,  it  shoidd  then  be 
ashed  tc.  the  rear  and  a  fresh  supply  of  coat  should  be 
d&rged  on  the  front  of  the  grates. 

Q.    How  soon  should  fresh  coal  he  thrown  in  the 

tiumacc? 
A.    Not  until   the  whole  fire   has  reached  a  white 
at 

Q,    Why  should  the  fire  doors  always  be  closed  as 
I'ncklv  as  possible? 

A.    To  prevent  the  entrance  of  cold  air. 
Q.     What  is  the  only  smoke  preventer? 
A.    A  good  fireman. 

Q.    What  is   the  only  good  mechanical  device  for 
smoke  prevention  ? 

A.    A  down  draft  furnace,  but  it  will  produce  smoke 
if  improperly  fired. 

Q.    Should  the  fuel  ever  be  charged  on  the  lower 
fntes  of  a  down  draft  furnace? 

A.    No,  for  it  will  then  be  the  same  as  a  straight 
hit  furnace,  and  will  probably  produce  smoke. 

Q.     What  are   the   disadvantages  of  a   down   draft 
jmace? 

A.  The  additional  cost,  additional  space  required, 
ickling  of  the  water  grates  and  care  required. 

Q.  What  are  the  disadvantages  to  the  use  of  steam 
Is  for  smoke  prevention? 

A.  They  rob  the  boiler  of  too  much  steam,  and 
i  make  a  very  objectionable  noise.  They  cannot  be 
fd  on  low  pressure  boilers,  and  it  is  boilers  of  this 
iracter  that  produce  most  of  the  objectionable  smoke, 
lis  is  caused  partially  by  the  low  temperature  of  the 
nace. 


UJ4 
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Q,     \\  hy  cannot  steam  jets  be  used  on   li 
sure  boili 

A.    The  Bteam  pressure  is  no!  high  ■ m  utrh  '" 
crate  them.    For  this  reason  they  cannot  he  used 

pressure  boilers  until  about  50  pounds  "I  steam  has  ' 
raised.     This  also  prevents  their  live  when  tin    i"'il 
first  lircd,  at  which  time  most  smoke  is  produi 
Q.    ( an  ;i  good  fireman  always  prevent  sm< 
\.     \".  not  when  a  boiler  iv  being  worl 
its  maximum  capacity. 

Q.    What  is  meant  bj   the  maxiinunt  capacity 

boiler? 

A.     The  greatest   amount    of  steam    which   can 
produced  From  the  boiler  under  am  conditions,  which] 
safe  and  economical. 

Q.    Should  ;i   lioilei    !><•  worked  .1:  all  times  at 
maximum  capacity? 

A.      No,  but  only  at  its  rated  capacity,  which  is 
a">'  33  '/3  Pcr  ccn'  'css  'han   its  maxiinuni  cap 

Q.     Can  a  boiler  Ik    forced  beyond  its  maximum 
pacify  without  producing  smokes 

A.  No,  even  with  the  besi  firing  there  cam 
complete  combustion,  henci  tin  unconsumed  pardi 
carbon  will  escape  with  the  unburned  r.i 

(J.     What  is  the  only  remedy  for  insult: 
capacity  ? 

A.    A  larger  or  bettci  boiler,  or  lo  decrease  the 

on  the  boiler  in   use. 

Q.     How    i.-.    the    value  of   different    fuels    I 
im  raising  purposes? 

A.      Bj    tb>'  amount   of  water  one   p I   of  lite 

will  evaporate. 
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Can  you  give  an  example  of  th 

Yes.  OB  >l  has  ail  average  evapor- 

i  capacity  of  i4-<*j  pound*  of  water,  or.  one  pound  of 
,»f  all  ■  is  utilized,  will  cvajwralc  7.41  pounds 

iter. 
Q.     How    can    one   obtain    the    different    values   of 

From    tables  of  evaporation,  such  as  given  in 

How  m<  "l>  of  good  coal  should  be  used 

r  hour? 

l>  iul 

n)      11    ft,   id   natural  gas    should   be 

IT? 

1   ft. 
o.    How  many  poi  f  oil  should  be  used  per 

U  what   1  natural  gas  li«'  l. inn.  .1  with 

nis  per  1.000  cm.  ft. 

•  hi  in  .1  will    1  •  ;il  at 

V    ,\|  ntts   per    bbl  cents*  per 

:lu-   theoretical    evaporativi     pwwei    ul 

.   22.7    pound.'    ■  if    watei    pi  r   pound 

practical  evaporative  power  of  oil? 
■     t    pel    i"  mud   "i    oil. 
fuel  under   boilers  V 
pei  fei  ■      1  inhustioti    attain 
ml  ih  mil   all   dirt.      It 

e  at  all  limes  under  perfect  con- 

Itnds   of    dry   wood   1-    eipial     to 
•f  good  anth  r  bituminous  coal? 

•  a  ids 
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BOILER  INSTALLATION. 

Boiler    Setting.— In    boiler   setting    there  ari 
things  necessary   for  both   safety  and  economy   in 
cration  of  boilers,  viz.:    <i)  a  firm  support   for  tl> 
shell :  (2)  properly  arranged  space  for  fti 
P't;  (3)  a  protective  covering  that  will  pre* 
of  heat  by  radiation  from  the  boiler  as  far  as  pO^H 

Supporting  Boilers. — There  are 
oris  for  supporting  boilers,  viz. :  by  brackets 
the  shell  plates,  and  by  ng  them  froi 

girders  by  means  of  books,  rings,  etc. 

Externally  Fired  Boilers. — Such  boilers  are 
supported  by  cast  iron  lugs  riveted  to  1  at 

ing  on   die   side   wall,   01    the}    maj    I"-   suspended 
overhead  girders  by  means  of  hooks  or  rin; 
|x>rtiug   boilers    with    long   shells,    it    is  tv 
range  so  thai  each  sn|>|)ori   will  bear  its  proper 
tion  of  the  load  and  at  the  same  lime  allow  I 
expand  freely  under  all  changes    if  temperatut 

Fig.  46  shows  a  horizontal  tubular  I" 
pension   settings.      Such   setting    consists  of   tv. 
each  made  from  two  steel   I   beams,  the  wli 
four  extra  heavv  1  ast  iron  columns  of  a  d 
tion.     The  cast  iron  columns  arc  preferred    to  those 
steel,  as  the  steel  are  more  apt  to  warp  and  spring. 
principal   advantage  in   the   suspension   setting, 

from  time  t"  time  as  it  bee :s  necessary  to  tear  do? 

the  brick  wall--,  or  !•>  reset  the  fire  brick,  the  boiler, 
ing  absolutely  independent  "f  the  brick  work,  is  not 
turbed  and  needs   DO  blocking. 
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Fig.  47  and  48  show  the  co  tings  of  hod* 

tal  tubular  boilers,  while  the  standard  measurement* 
Bettings   is  shown   In   accompamng   table   of   mea 
ments,  being  Table  No.  7. 

\2  ithows  the  complete  settings  of  a  bei 
tubular  boiler  with  a  down  draft  furnace. 

In  Pig.  47  is  shown  the  ordinary  settings  for  I 
tal  boilers. 

The  foundation  Is  h<  ivj  stmn    work  laid  to  a  d« 
of  3  or  4  feet  below  the  surfa<        1  "1  top  of  this  is 
the   brick    work.     The   side   and   rear   walls   arc 
with   ;i   2-inch   air  space   between    the   inner  and  01 
parts.     The  insidi    wall  nexl  to  the  furnace  is  faced 
(ire  brick,  as  is  als.i  the  bridge  wall  and  all  p< 
direct  contact  with  the  ftami  ited  gases. 

The  boiler  is  supported  bj  casi  iron  lugs  rivetc 
the  sides  "f  the  shell.     These  lugs  rest  on   iron  pi 
placed  on  top  of  the  side  wall.     The  front  lugs  rest 
rectly  on  the  plates.  but  the  back  lug-  res?  on  roll* 
1  inch  round  iron.    This  permits  ;i  free  expat 
contraction  of  the  boiler,    The  rear  wall  is  n 
inches  from  the  rear  head  of  the  boiler,  so  a 
sufficient   space    for    the    hot    gases    to   enter    the    tut 
Above  the  tubes  this  wall  is  built  in  to  meet  the 
ami  form  tfii    combustion  chamber.     In 

to  remove  the  din  and  sool  that  collects  mostl) 
point   and  also  i"  provide   means  of  ins|  there 

.1  dooi  placed  in  the  rear  wall. 

Mi.    ii !  ed  ;ii".n!  24  inches  below 

shell,  though  thi-  distance  varies  with  the  character 
fuel   tn   he   burned.      I"i>r    the   burnm-    i.t    bituminous 
the  distanc<    between  the  grates  and  the  shell  should 
from  .'4  in  2ii  inches      The  grates  should  have  a  fall  < 
3  inches  from  front  to  the  rear,  which  makes  it  ra 


»lih  iJtiiiL-nxlon*  for  Horixonial  Tubular  liuiltrs 

ting  Plan. 
Klg.  IT 


m 


the  fire  from  below  md  a*  the  u 

I  the  admission  of  air  to  the  rear  of 

The  brick  work  of  the  able  maSt  » 
e  shell  at  the  level  of  the 
I  prevent  the  heated  gases 

I  above  the  water  line.     It 
!  water  line  of  all  boilers  be 
ft  of  the  shell  should  ever  be  • 
>  of  combustion  which  a 

W   The  fire   line  of  a 

I  In  boilers  without 
s  as  on  water  tube  boilers. 
mbed  by  the  closing  in  of  the  side 
h:  is  determined  by  the  fire  line. 

The  brick  work  of  the  setting  of  boilers  most  be 
Kftgthened  by  buck  staves  held  together  by  tie-rods, 
B  shown  in  Fig.  47.  The  buck  staves  should  be  made 
«  wrought  iron  channel  or  angle  irons. 

Suspension  of  Tubular  Boilers. — Fig.  49  illustrates 
1  pta  of  suspending  tubular  boilers  which  sometimes 
ftommends  itself.  The  upright  posts  are  cast  iron — 
•k  horizontal  beams  are  made  of  two  steel  channels, 
*k  to  back,  bolted  together,  with  separators  between. 
^suspension  bolts  are  round,  with  nuts  and  washers 
« the  top.  allowing  the  taking  up  of  any  settling  of  foun- 
"s,»o,  The  brickwork  around  boiler  can  be  entirely  re- 
■fo'ed  without  disturbing  boilers  or  connections.  The 
•ml  lugs  on  boilers  are  replaced  with  forged  loops,  as 

The  brick  walls  should  never  be  built  solid,  but  al- 
J?i  with  an  air  space  left  in  them  of  at  least  2  inches 
"*idth  in  order  to  prevent  the  conduction  of  heat  to 
/outer  walls,  as  air  is  a  non-conductor  of  heat.     This 
I  ^  space  is  shown  in  Fig:  50  of  Double  Boiler  Settings, 
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Self    Contained    Boilers. — Vertical    and    locomotive 

I  of  boilers,  and  practically  all  internal  fired   bodcr>. 

M  eon  lire  no  setting.     The  vertical 

er  rests  on  a  o-  asc  which  terms  the 

pit     !  mortal. le    boilers  as  they   are 

when  used  f  supported  on 

iron  addta  anil  si.  howrn  in  Fig.  10. 

Settings  of  Water  Tube  Boilers. — The  settings  for 
Inbe  boilers  :ire  essentially  similar  to  the  settings 
ntal    tubular    boilers.     The   settings    for   these 
lly   in  the  baffling  of  the  gases,  and  the 
;requu  t  the  gases  in  such  a  way  as  to 

.  iili  the  tubes.     Fig.  52  shows  a 
tailed,    with    measurements    and 
ws   the  ordinary 
wati  -  IttlM    b  >e  of  erection,  while 

tl$  the  St<-rlin^  tube  boiler  in  course 


Bcder  Fronts. — Boiler  fronts  are  made  in  mam 

ipal  styles  or  designs  being; 

ill-arch  front,  as  shown  in  Fig.  55. 

1  rib  front,  as  shown 

he  cut-away  front,  at  in  Fig.  57. 

with  breeching. 

•be  Pluih  or  Full-Arch  Front— This    is  the  most 

style,  and  gives  g I  -  itisfaction  so  long 

tre   in  proper  repair.     lint  at  any 
1  thr  brick  fall  away  from  over  the  fire  door, 

»  of  tin   dry  sheet 
burnt,  I  01  other  wi    ■  injured  by  the  heat. 
tailing  a  leak  around   the  front  row  of 
fr.mt  is  shown  in  Fig.  55. 
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Over   Hanging   or    Half-Arch   Front. — In   this 
ffowt  thr  the  full-arch  Fronl  is  en- 

*lr  j.  nt  into 

m    ami    is    not    exposed    I  furnace    heat 

Blil  the  fire  brick  fall  a«  lamage  can  I 

!  ihcti  come  in  contact  with 
tkrat  is  entirely  protected  bj    water  on  the  inside. 

■as  a  further  advantage  that  it 

than  tin-  full-arch,  and  hence 

nailer  mimlirr  of  Common  Wrick  ami 

The  disadvantages  of  this   front  setting  is  that  the 
iterfcrcs  (■•  some  extent  with  the 
hi.     A  common  form  of  this  from   is 

Cut-Away  Front. — To  meet  the  objection  to  the 

i  I  front,  the  cut-away  style  has  come 

In  this  front  setting  the  lower  portion    or  the 

bliquely  away.  50  that  at  the  lowest 

•"iler  projects  but  little  beyond  the  brick  work. 

[adhenr.   cannot  Interfere  with  the  firing  of  the  furnace. 

n  of  tins  front  is  shown  in  Fig  $7. 

these  styles   of  boiler    front    settings 
fronts  "t  highly  ornamental  design,  l>nt 
kr  ran  all   be  included   under  one  of  the   above   four 

In  thi-  usual  style  of  front  setting 

water  tube  boilers. 
Material. —  I  Is  of   brick  are   used   in    boiler 

-the  common  red  brick  for  the  supporting  walls 
furnace,  ami  fire  brick  for  the  lining 
ill   points  where  the  fire  or  hot 
tome  in  direct  contact  with  the  furnace  or  flues. 
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inches  of  fire  brick  lining  is  used  in  the 
chitul   the  bridge  walL     "Pie 
r  furnace  work  are  0x4 : 
[Wantages  that  fire  brick  possess 
t<:<1  brick  are,  their  i>ower  to  res:- 
•  highest  temperature  without  fusion,  and 
pabl(    of  resisting  Midden  changes  of  lem- 
1   injury, 
t  Clay  in  used  instead  of  ordinary  mortar  to  ce- 
•gethcr.  as  mortar  will  not  stand  the 

Requirements  of  Boiler  Settings. — A  high   furnace 

11  Uttlc  '  possible  is  the  chief  require- 

construction  and  boiler  setting. 

tats  there  must  be,  u»   a  sufficient  thickness 

»c  nail-   to  retain  as  far  as  [lossible  every  unit  of 

The  furnace  construction  must  provide  for  a 

mixture  air  drawn  into  the  furnace.     (3) 

per  proportion  of  grate  and  heating 

Iso,  a  correct  proportion  between  the  grate 

|bce,  and  the  total  area  of  the  tubes  and  the  height 

Location    of    Boilers. — Next    in    importance   to   the 

lay  iler  is  il  :r  location  in   the  plant. 

il  depends  the  economy  of  the 

;le   no  fixed   rule   can   be   laid   down  for  the 

rs,    !■•   this    will   depend 

theii    character  and  the  work  required  of 

■   there  are   certain   things   which   must    be  always 

Med  of  the  character  of  the  boiler  or  the 

Irt  required  of 

<i  wall  of  the  building  should  ever  form  a  wall  for 
as  the  heat  from  the  boiler  furnace 
\pansion  and  contraction  between  it 
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the  other  supports  of  the  boiler,  causing  the  wall 
and  become  unsafe. 

Jlic  boiler  room   should  be  made  of  ample  height 

I   on   a   level   with   tin  :m       mm, 

fcli  r  ,.  u  l.v  a  brick  par- 

llld  be  S*  lit tl-  possibli 

ml   the  engine   in  order  I   the 

He  from   condensation    as    much  ibic  ,     and   all 

oiler  .iixl  eti|  asy  of 

and  so  arranged  as  to  he  at  nl!  I  rfthin  full 

:l.l   l.<-    suffii  lent    VI  II 
Ided  I  mifori  'if  the 

»nts. 

es  shoal  '  be  placed  outside 

bttilil  ked  with  some 

where  they  inn  always  be  ac- 
bc  all  valves  ami  attach- 
..  .iter. 

All  vali  I     kc|  fully  packed  t"  pre- 

mium^  the  valvo    (..  leak  not  only 
in  i  causes  a  lar^ 

Installation. —  ion   "i    a  complete   boiler 

des  the  setting  of  the  boili  r  i>r  boilers,  ami  the 

ml  arrangement  of  the    various  accessories  >>f 

feed  water  heaters,  purifiers    separator 

jectors.  etc.,  and  should  the  plant  be  large 

elaborate,  the  installation  would  then  also  in- 

the  installing  nieal  stokers. 

conveyors,  1 1 

ill   plant,  though,  often    consists  only  of  one 

and  a  boiler  feed  pump,  but  the  stationary  engi- 

pared  t..  iiwtaJJ  an-/  operate  any  char- 
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A   Water  Tube  Boiler  In  Courac  of  Erection 
FIR.  53. 
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of  plant,   irrespective  of  its  size,  that  he  may  be 
upon  to  take  charge. 

Piping. — All  pipes  which  through  accident  or  othcr- 
;  shul  down  of  the  plant,  should  be  in 
tc.     l-'.-r  the  largr:  flanged  joints  should 

can  be  nn  sily  and  quickly 

tha  ts.     All  pipes  should  be  ar- 

i  re|>airs,  and  should 
iclow   t!  an   be  done,  al- 

much  more  accessible. 

hile  that  an  engineer  should 

should   nevertheless   have   a 

steam  fitting,  especially  of  pipes  and 

k    an    engineer   docs    on    taking 

rtain  the  course  and  condition 

Ira  in  pipes. 

al  of  pipes  differ 

for  which   they  are 

cd   in    a   steam   plant   arc 

i    wrought    iron.  cast    iron    pipe    was 

steam   plants,  but   the   high 

I,  has  ip  <1  the  use  of 

I  be  more  easily  handled. 

n   pipe  an    its  lightness, 

gth  and  i    with  which  various  lengths  can 

cd. 

manufactured  from  double  thick  iron  is  called 
w    pifc.  or  X  pipe,  while  pipe  double  the  thick- 

tiled  XX  pipe, 
of  Piping. — '  e  of  pipes  is  designated  by 

1  diameter,  while  that  of  boiler  tubes  is  desig- 
external  diameter. 


I 


is: 

TBe  Table  of  Iron  Pipe,  showing  standard  dimcn- 
living  Table  No.  8,  gives  'lata  especially  useful  to 

all  engineers  and  firemen. 

All  pipe  i!i  inch  and  less  in  diameter  arc  made  butt 
welded,  whilr  sizes  i !  j  inches  and  larger  arc  made  lap 
welded.  While  Inn  little  seamless  steel  pipe  is  M  yet 
used  in  a  steam  plant,  its  use  is  being  rapldl)  adopted 
m    the  :i    of    boiler  and  water-grate  tubes. 

Though  it  is  much  more  expensive  than  other  pipe,  ii  is 
fir  stronger,  lighter  and  more  serviceable. 

Pipe  Fittings. — By  pipe  fittings  is  meant  the  ncccs- 

i  ill   connections   nsc<l   in  connecting  up 

i  h    pipe   couplings   consist   of   flanges,   unions. 

lees,  elbow*  and  nipples  ■'-■  shown  in   Fig.  59  of  Steam 

Pipe  i 

Coupling. —  In  wrought  iron  pipe  work,  the  general 

practice  in  making    1  ints  between  pipes  is  a   wrought 

iron  coupling  with  tapered  threads  at  both  ends.     Such 

■d  for  the  smaller  sizes  of  pipe,  while  a 

•1  or  a  flange   is  used   for  the   larger  sizes.     When 

Dg  a  coupling,  the  end*  of  :lu-  pipe  are  brought  near 

••'fjether  and  die  coupling  then  screwed  over  the  en 

requires  the  inside  diameter  of  the  coupling  to  be 
larger  than   the   outside  diameter  of   the  pipe. 

Union. — Where  a  stronger  and  more  convenient 
pint  it  required  than  can  be  made  with  a  coupling,  a 
ed  This  consists  of  three  pieces,  together 
with  the  washer  which  is  used  on  the  larger  sizes. 
K common  form  of  a  union  is  shown  in  Fig.  60.  Unions 
»e  also  made  with  ground-joints  and  the  washer 
a  then  not  needed,  as  a  tight  joint  can  then  be  made 
without  it.  When  the  pipes  are  above  4  or  5  inches  in 
diameter,  a  flanged  union  should  be  used.  This  union 
ts  of  two  circular  cast  iron  flanges  with  a  requisite 


Flush  or  full  Arch  Boiler  Front. 
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f.>r  bolts  through  each,  and  a  large  ccn- 

hole  tapped  I.,  receive  the  threaded  ends  of  the  pipe. 

-  are  screwed  onto  the  ends  of  the  pipe 

J  then  bolted  together,  thus  making  a  much  stronger 

tighter  joint  than  is  possible  with  the  ordinary  coup- 

The   adbutting    faces    of    the   flanges   arc   generally 
:   turned  smooth,  and  a  gasket  placed  between 
[them  to  prevent   leaking. 

Elbow. — In  order  to  avoid  sharp  angles  in  joining 
r  pipe,  wl  ;        would  canst    friction   in  the  How  .if 
ugh  them,  an  elbi  v.  or  ell  as  il  it 
i  ti    make  thi    n<  •  •  isary  turns  in 
the  piping, 
street-elbow,  or  street-ell,  is  an  elbow  threaded 
ally  at  one  end  SO  that  it  can  be  used  as  a  con- 
cut  size  pipes. 
Tee. — When  a  second  pipe  is  to  be  joined  to  a  line 
at  an  angle  to  it.  usually  a  right  angle,  a  tee  01 

Lted,  connection  is  used. 
:ross-tee  is  used  when  two  such  pipes  arc  to  be 

Plug. — A  itop  an  aperaturc  in  plates 

Bmhing. —  used  to  reduce  one  size  pipe 

•  her. 
Nipple. — A   nipple   is  simply  .1   short   piece  of  pipe 
rnally   at   each    end.     A    close   nipple    is   a 
threaded  external!)   ii-   entire  length. 
Valves. — A    valve   is    a    lid    to  an   opening  so    con- 
ted    that    it    can    open   or    close    communication    in 
iong  the  varieties  of   valves   may   be   classed 
W  slide  he   p  ppet    valve,  the  pump  and 

!ve. 
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[VC  always  has  a  scat,  which  is  simply  the  open* 
which  it  rests.  They  arc  usually  operated  by  a 
circular  handle  fitted  to  a  spindle,  by  Ihe  turning  of 
which  the  valve  can  be  opened  or  closed. 

Cock. — A  cock  is  a  conical  plug  slotted  and  fitted 
*ith  a  handle  for  turning  the  slots,  or  openings,  in  hnc 

..ill  the  opening  of  the  pipe.  Fig.  262  illustrates  Un- 
common form  of  a  three-way  cock  used  in  steam  work. 
'1  cock  is  a  valve,  but  a  valve  is  Rol  necessarily  a  cock. 

'A'hen   Um    opening  is  Closed   by   moving  the   lid  or  disk 

the  opening  of  tin-  pipe  with  or  without  rotation, 
it  is  a  val  hen  it  is  opened  or  closed  by  turning 

'trough  an  angle,  it  is  then  a  cock.  Cocks  arc  mostly 
used  on  the  blowoff  pipe  of  boilers;  asbestos  packed 
j>!ug    .  eing    generally    used    for    this    purpose,    as 

Men  packing  overcomes  the  difficulty  of  moving  the  plug 
when  ill-.-  COCk  '■<■<■■  ie  time. 

Globe  Valve. — The  globe  valve,  a  view  of  v.  In.  h 

mi.  derives  its  name  from  the  shape  of  the 

1    bonnet    enclosing  the   valve.     This  case   is  di- 

0    parts   by    a    partition    with   an   opening 

ri/ont.il  part.     The  fluid  or  gas  enters  at 

;:ht   and   passes   up   through   the   opening   and  out 

li  i-.  closed  b;  ■    -.^  down  the  valve  on 

ihe    seat.      \    stuffing    box 

ind  the  spindle  used  to  screw  down 

valve  on  the  seat,  prevents   its  leaking.     If  the  disc 

w  valve  is  round,  it  is  called  a  disc  valve.     This  disc 

■uy  be  made  removable,  so  as  to  permit  it  being  easily 

hen  worn  from  use  go  ;ts  to  cause  it  to  leak. 

valves  must  always  be  set  so  as  to  close 
»|»inst   th.  BO   tliat    the    valve   could   be   opened 

Uwuld   it   become   detached   from   the   stem   or   spindle. 
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also  permits  iho  valve  to  l>e  packed  without  shutting 

>8lli€  entire  flow  through  tin-  pipe,  as  this  might  ncces- 

down  of  the  plant. 

The  disadvantages  of  the  globe  valve  is  the  resist- 

n   caused  l>y  the  two  turns,  which  are  al- 

ladc  l>y  the  liquid 

:'i  the  valve.    In  Fig.  <>i  is  shown 

'   rartc  Globe  valve.     In  Fig.  63  is  shown  the 

which  is  a  standard  valve  among 

G»te   Valve. — 'I  this   objecfional    friction 

valve  is  constructed  as  shown 

turning   thi     ti  in    11     pindlc, 

moved    vertically    across   the 

has  cast  on  it.-,  lower  side. 

.'ling    projection 

the    vals  c    I"  »\\        I"  projec- 

disc    and    hold    it    lightly    in 

ves  vertically  up  and   down,  the 

dve   the   pressure  on 

In  1    is   .^!\.  ■■.•.  n    mi    -..■.  11. .11    this    valve 

Valve. —  I'll:-    style    ol     valv<     1      used    at    the 

ight  angle.     It-  construction 

the    globe    valve,   and.    like    that 

iched  to  the  pipe  in  Mich  a  manner 

the    liquid    "i    gas    will   be    up 

in  it      This  11  quires  the  valve 

*»ys  close  against  the  pressure. 

Check  Valve. — This  valve  is  designed  to  permit  the 

direction  only,  and  to  prc- 
Thei  1  eral  forms  of  check 

tnair  ed,    Ihc    ruosl     ."nunnii    form    being 

I  B  the  Globe  Check. 
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In  tli  the  valve  is  a  solid  disc  of  metal  which 

by  wings  which  arc  placed  on  the  disc 
».!  b.-lii','.        Ih,   fluid  or  gas  passes  in  under 

"ii   through 

,\,  Its  return   is   prevented  by  the 

•     which  ;>•-  seen  from 

ling  at  once  by  forcing 

:it. 

ihcr  n   form  "f  tins  valve  i-  the  swing 

rck  a  i  in   Fig.  65.     The  valve  disc  is  attached 

an  m  ngs  on   a   pin.     The   passage  of  the 

■.1    the    valve   <\vinijs   open    this    <lisi\ 
Tii  in  the  opposite  direction,  the  pres- 
-.  ilu-  disc  and  holds  it  to  its  si 
1    forms   of  check    valves   are  chiefly   used 
lorizontal  positi  in      !     r  vertical  work 
I    but  its  opera 
1:11c. 
lucing  Valve. — V  .-sired  at  a  lower 

boiler,      reducing  valve  is  used. 
itnplished  bj   aut  lly  throttling 

reduce  the  p  and  at  the  saint 

tant  pressure  in  the  steam  pipes. 

il  forms  in  general  use.     In  Fig.  66 
alvi   is  shown,  in  which 
held   open   by  the  spring  ami    levers   until 

in  a  diaphragm 

ional  view  of  the 

R  >r  Reducing   Valve. 

Tfce  Layout  of  Steam  Plants. — As  a  rule  the  station- 

wginccr  is  not  called  Up  -ign  and  supcrin 

in   of  a   steam   power  plant,  but  only 

T»te  same  safely  a  ically.     Hut  he  should 

full)  I   the   layout  as   well  as  the 
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which  Kc  may  be  called  upon  to 

plant  is  meant  its  complete  dc- 
i  i  lie  boilers,  en 
•■f  all  the  ac  c  sorics  to  same, 
piping, 

illy  done  by  the  consulting  engi- 
ne, the  station  ■  ml)   called  upon  t<  i 
plant   al  i,-;   Imi   neither  the 

!     justice  to  the 
tin-   plant    UDleat  each    pns.se**  certain   knowl- 
i      i    by  the  other,     \'<>  con 
ill}    .1.  sign    and    in  stall    a 
in    operate   the   same 
called  upon  to  ■■'■  ■ 
An  imi:  :lcr,  or  dynamo  may  do  the  work  re- 

.  but  it  may  be  so  proportioned  :i*   t<>  do  it 
:    in  nun  -.       I  '  ii    instance,   while 
power,   its   cylinders 
ssivc  amount  of 
■  a  boilei  sw  badly  designed  ■  n 

cssary  to  be  gener- 
al an  abnormal  burned 
hi  requii 
-tilting  engineer  is  not  employed,  it  is 
i  (he  plant   ti '  ad>  et  tii  c   for  bids. 

lality  of- 
ftake can   I  i    made  by   the  owm  r 
iencc  has  shown  that  the  cheapest 
costly, 
the  proper  designing  and 
r«»wnKtt..n  "i  nlting  engineer; 

ti  the  largest  return  that  the  i  >wncr  will  receive  from 
Capital  mi,  will  Ix    found  to  be  in  the 
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it  saving  in  the  economical  operation  of  the  plant  by 
stationary  engineer. 

QUESTIONS  AND  ANSWERS. 

'hat    three    things    are    necessary    foi    proper 
iler   ••< 

firm  (  upp    I    for    the    boiler    shell ;    (2) 

arrange*!  space    for   furnace  and  ash   pit;    (3)   a 

tctivc  1  the  loss  of  heal  by 

far  .in  possible. 
Why  should   I   long  cylindrical  boiler  be  sup- 
in  tflfCH    . 
A.     Because    i'"-'  >f    'In     shell    expands 

Kthin  Ihe  upper,  which  will  cause  the  shell  to  sag 
he  middle  sup|»rt  i<.  lake  most  of 

ij.     When    horizontal   tubular   I  are   supported 

n   'he  side   v  i\v    is  any   trouble 

nd  contract!)  11   of   the  boiler  avoided? 

ng  rollers  under  the  rear  lugs,  thus  pcr- 

tlcl  ■  if  tin    !    lilcr  t.-  M-  hon/.i>ntally. 

IimiiIiI    never    be    ex- 
Wrf 

of    the    shell    or    lubes    nut   completely 
.tcr. 

•  lire  I. nek  of  a 
headers  at   short    intervals? 
' '  ■     !  ■      made     .■.  itln  nit    tearing 

the  whole  wall, 

idat foi  a  boiler  usually  prc- 

• 
A.    B>  laying  ■  bed  ••('  concreti    upon  which  .1  wall 
Hi 

1    tube    boilers  differ 
the  sett  1 1  izonlal   tubular  boilers? 


' 
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■  I  i        I  he  •-.  Kings  of  water  tube 
rj  rary  only  in  the  baffling  <•(  the  gases,  and  the 

n  such  a  way  as 
them  In  contact  with  the   It 
Do  ail  1" 

quire  no  settings. 
besl     •. ■! .  ••  i.i  use  on  the  blow-off 


\  plug  t"  isbestos. 

'Ill  a  globe  valve  always  close? 
■••<•  against  the  pressure. 
lias  a  gate  valve  over  a  globe 


0 
A. 

ugh  a  gate  valve 
•ugh  n  globe  valve. 
Q.    What  is  a  cluck 

It  ft  istructcd  that  a  fluid  or  gas 

mikm-  through  it  «mlv  in  one  direction. 

to  pack  valves? 
Ti  leaking, 

angle  valve? 

part  of  an  angle. 
throttle  val 

mi  to  the  engine 
ti       I ..  throttle  means  to  choke. 
throttle  the  steam. 
.  . heck  vh\ 

..   back   pn  isurc  valve,  being 
hen  a  back  prcs- 

ts  a  reli 
i    It  is  r«  valve  bo  arranged  thai  it    >i>ens  outward 
i  thn  urs, 

$    What   i  valve? 
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A.    A  valve  to  supply  steam  at  less  than  boiler 
pressure. 

Q.    What  is  meant  by  a  double  seat  or  double  beat 
valve? 

A.    It  is  a  valve  w  hicTi  presents  two  outlets  for  the 
sleam  or  water. 

Q.    H.iw  should  all  steam  valves  be  connected? 

A.    In  such  a  manner  that  the  valve  closes  against 
ikt  constant  steam  pressure. 

Q.  bat    material   are  pipes   used  in  a  steam 

>!ant  made? 

A.    They  are  now  mostly  made  of  wrought  iron. 

Q.  What  advantage  has  wrought  iron  over  cast 
on  for  steam  pipe? 

A.     It  is  stronger  and  lighter. 

Q.    Of  what  are  pipe  fittings  mostly  made? 

A.     Cast  iron,  malleable  iron  and  steel. 

Q.  Of  what  should  all  pipe  fittings  for  large  pipe  in 
igh  pressure  steam  plants  be  made? 

A.     Of  steel. 

Q.  Should  cast  iron  fittings  be  used  where  they  will 
e  exposed  to  the  fire  or  hot  gases? 

A.     No,   steel  fittings  alone  should  be  used. 

Q.  How  is  the  size  of  gas,  or  the  ordinary  black 
ipe  usually  designated  ? 

A.     By  its  internal  diameter. 

Q.     Are  boiler  tubes  designated  in  the  same  way? 

A.  No,  their  size  is  computed  from  the  external 
liameter. 

Q.    Why  is  this  distinction  made? 

A.  Because  boiler  tubes  are  made  much  more  ac- 
urate  as  to  size  than  ordinary  black  pipe,  the  outside 
tarface  being  made  smooth,  which  is  not  the  case  with 
?'Pe. 
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O.     What  is  meant  l>\    the  settings"!  :i  boilet 

A.  The  foundation,  the  means  of  support?!) 
boiler  and  Hie  enclosing  walls. 

o.    Iliiu  should  the  rear  and  side  walls  be  l 

A.  Ahvavs  double,  with  a  ->  inch  air  spai  e  b*. 
them. 

(J.    How  thick  should  thi  outer  walls  Ix  mad) 

\.     Mwayi  is  inches,  both  Bide  and  rear. 

Q.  How  thick  should  the  inner  side  walls  !"• 
at  ilic  center  line  i if  th<   boiler? 

A.    At  least  9  or  to  inches,  depending  on  ih 

of  tin-  boiler. 

Q.  Why  should  the  inside  wall  alwav  I  i 
with  a  batter? 

\.    li  not  onlj   gives  greatei  stabilit)   to  ti"' 
but  it  also  allows  a  Letter  circulation  of  the  gases, 

Q.    Where  should  this  battel  begin? 

A.     At  the  grates. 

Q.  How  thick  should  the  inner  wall  alwjj 
made  ? 

A.     12  inclu  - 

Q.    How  thick  should  the  fronl  wall  b» 
\.    i)  inches. 

O.      How     main     f iimii    and    how    mam     Inv 

are  required  foi  a  7a"xi8'  boiler  with  flush  fronl 
A.  24,000  common  brick  with  1400  fire  brick. 
Q.     \\  hat  determines  the  length  oi  the  grates 

;i  boilei  ? 

A.    The  grates  should  le  equal  to  t) 

ameter  oi  the  boiler. 

Q     1  low  wide  should  th<         adi 

\      \ii.int  '.  inch*    li    -  than  the  diameter  1 

boiler, 
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Q-  shing  ati'l  n  reducer  used  for  the  game 

m   pipe 
A.    Yes,  liul  a  reducer  makes  a  much  nicer  appear- 

thc  main  con  itions   in    piping  a 

the  arrangement 

:         ■;><••. .  f 31   tin-  method  of  pro- 
.   i  ;     | > r  .]■>■:■  drainage, 
Q     How  generally  proportion 

I  6,000  feet  per  min- 
live  steam,  and 
ti  exhaust  pij 
Q,     ll.  made    f">'    th<    1  >:i>:"<^i'  •«  ai"l 

pe  ? 

or  simply  bends 

h    is    tin-  ■•■'■    }■<  r    100   feet    of 

Vbotlt 

Q,     H>»w     are     expai-  nerallv     con- 

A.    1  cl  their  usual  con- 

ii    .■.  tvi    " 

.  1  i^  a  h  ck? 

..r  |>en<l  111  .t  pipe  as  shown 
irv<  .1   form  enables  it  to  take  up  all 

■  •:  contraction  t nly  of  the  steam  pipe. 

or  1  ontrai  tion. 
<l    I:  iuld    the    curve    or    bend    always    be 

n  order  that  no  water  may  collect  in 

Q.    How  shouM  ail  steam  pipes  be  arranged? 
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A.   So  ilial   no  pockets  or  angles  are   formed  in 

water  my  collect. 
Q.    V  ;i  " water  hammer?" 

A.    It  ming  in  contact  with  the  water 

collects   in  the   pipe,  producing  a  noise  like   the 
o.'  a  hammer. 

I-   the    pressure   produced   by   water   hammer 
dangerous 

I,   but   experk-nce   hag  <diown   that   it   is  not 
dicing  the  amount  of  damage  generally 
ved. 

1  a  consulting  engineer  be  a  good  station- 
I  ;-r  ? 

If   he   expects   to  design   or   install   steam 
tits. 

Q     should  hi-  petent  to  operate  such  a  plant? 

•\     Yes.  in  ordei  t-  design  Mich  a  plant  so  that  it 

•crated  by  anotlicr. 
Q     Should  a  stationary  engineer  be  able  to  design 

team  plant? 
A     \  i  t  successfully  operate   it  un- 

be  foil  nds  ever  of  machinery   in 

charge,  and  how  it  can  be  most  economically  opcr- 

deter  mint    lite  area  of  pipe? 
the   square   of    the    internal    diameter 

mine  the  size  of  pipe  required 
tier  ? 

:il  area  of  the  cylindi  t 
ii  feet  per   minuti  ,  and  divide  by 

velocity  allowed   for   the 
team  throng' 

per  minute. 
determine    the  capacity   in   horse 
(I  lot 

the  Mjna  lie  diameter  by  n. 
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I  II  UTTER  V. 
BOILER  ACCESSORIES. 

Boiler  Attachments. — The  principal  attachment 
any  boiler  is  the  furnace,  which  varies  in  shapes  and  six 
With  the  type  of  boiler  ami  the  kind  of  fuel  to  be  burn* 
The  furnace  consists  of  the  fire  and  ash  doors,  grj 
bars,  bridge  wall  ami  ash  pit.  The  principal  requii 
ments  of  all  properly  constructed  furnaces  i-  a  Un i for 
and  abundant  air  supply  t.i  the  under  side  of  the  grate 
so  as  to  insure  complete  combustion. 

In  order  to  accomplish  this  there  must  be  ample  ; 
space  above  the  fire  to  permit  of  all  the  gases  to  be  < 
tircly  Consumed  before  leaving  the  furnace.     Should 
not  be  possible  to  have  sufficient  space  between  the  gra 
and  the  shell  of  the  boiler,  then  a  combustion  chambet 
must  be  used  in  which  the  combustion  can  be  complct 
To   insure  complete  combustion,   mos1    all   furnao 
provided  with  a  combustion  chamber. 

Furnaces  are  designated  cither  as  straight  draft 
down  draft  furnaces,  according  to  the  direction  taken 
the  draft,  the  majority  of  furnaces  being  straight  dl 
furnaces. 

The  furnace  door  is  usually  of  cast  iron,  provid 
in  the  center  with  a  circular  draft  plate  through  whid 
air  is  admitted  to  the  fire  above  the  grates. 

Steam  Pressure  Gauge. — In  Fig.  69  is  shown  a 
tional  cut  of  the  Bourdon  Pressure  Gauge,  which  is 
gauge    universally    used        \--    has    In  111    previously 

plained  this  gauge  is  constructed  upon  the  principle  thai 
a  flat  tube,  curved  \<<  almosl  a  complete  circle  and  close 
at  one  end.  tends  to  become  straight  when  subjected 

internal  pressure.     One  end  <>f  this  tube  being  lived.  1 
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internal   pressure   in  straightening  tlic  tube,  moves 
other  end.     By  means  "f  levers,  a  curved  rack  and  a  p 
ion.  the  motion  of  the  free  end  is  greatly  multiplied  a 

indicated   by   a   needle    which    is   attached    to   the   pin 
This  needle  is  made  to  move  pver  B  dial  which  has  b 

graduated)  that  is  divided  hrto  spaces,  so  as  to  agi 

with    the   mercury   column    which    is  usually    adopted 
the  standard  measurement  of  pressure,  or  with  a  star 
ard  gauge.    The  back  lash  "f  the  levers  is  taken 
a  hair  spring.     A  vacuum  gauge  is  similar  in   every 
spect  to  the  above  described  pressure  gauge  with  a  S 
gle  exception  that  the  curved  tube  is  turned  in  the  op] 
site  direction,  so  that   the  needle   is   made  to  move  \v 
a  decrease  <>f  pressure,   which   indicates  the  decrease 
pressure  below  that  <>f  the  atmosphere. 

The  Steam  Whistle. — This  boiler  attachment  is  DJ 
fol  signaling  purposes.     There  are  two  kinds,  known 
the  bell  whistle  and   the  organ  tube  whistle,  the  lat 
having  now  almost  superceded  the  bell  whistle  on 
count  of  the  simplicity  of  it  iction  and  super! 

tone.      Great  care   should    he    taken    to   keep  the 
pipe  free  front    water,   so  thai    the   whistle   will   sound 
BOOH    as   the   steam    is   turned   •  -n        Fig,   70   g|lOWS   . 
IttOU    form    of   steam    whistle       The    hollow    base   lias 
narrow  circular  orifice  that  communicates  with  thi 

pipe.  The  steam  compresses  the  air  contained  in 
hell  of  the  whistle,  thereby  causing  vibration  t>>  conthi 
as  long  as  the  steam  is  permitted  to  flow,  and  the  co 
mimic. iti. ms   of   these    vibrations   t,>  the  surrounding 

mosphere  produces  the  sound, 

In  Fig.  70  is  shown  a  sectional  view  of  the  l.unke 
hcinuT  steam  whistle. 

Directions    for   Connecting. — To   give    best   rcsu 
whistles  should  be  placed  as  nearly  as  possible  over 
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boiler  ami   above  itirrounding   buildings,  so   iliat 
sound  will  not  l>c  obstructed.     If  they  arc  so  placed 
there  arc  a  number  of  bends  and  off-sets  in  the  coma* 
ing  pipes,  or  the  whistle  is  a  considerable  distance  fi 
the   boiler,  the  whistle  valve  should   be   directly 
the  whistle  and  a  second  valve  (an  ordinary  stop  va1 
should   be  placed   at    the   bottom   of   the    pipe.     M« 
should  be  provided  for  draining  the  connecting  pipe 
placing  a  small  drain  cock  directly  above  the  lower  vi 
If  the  whistle  is  not  too  far  from  the  boiler,  the  whi 
valve   can   be   placed   at   the   bottom   of   the   conned 
pipes  instead  of  directly  under    the   whistle.     When 
crating   a    whistle    connected    U    above,    the    drain 
should   be   flf-t   opened   to   allow   any   condensed   «; 
(which  may  have  accumulated  m  the  pipes)  to  cs 
If  a  stop  valve  is  used  at  the  bottom  of  the  pipe,  o| 
same  n  moment  or  so  before  operating  the  whistle  vs 
so  as  to  heat  the  pipe  and  pet  dry  steam  to  the  whil 
They  should  not  be  attai  bed  to  steam  pipes  used  to  SI 
ply  steam  for  other  purposes. 

Use  as  little  lead  or  pipe  joint  grease  as  possible  I 
connecting  the  pipes,  and  blow  out  thoroughly  befi 
connecting  the  whistle. 

Take  the  steam   supply  directly  from   the  dome 
the  boiler,  if  possible,  so  tli.it  it  will  be  dry  and  of 
mum   pressure,   and   avoid  all   unnecessary    elbows 

The  whistle  bell  must  be  set  at  the  proper  dista 
from  the  slot  in  the  top  of  the  base  to  suit  the  ste 
pii  •sure.  To  regulate  this:  loosen  the  acorn-shar, 
lock  nut  "ii  top  of  the  bell  and  screw  the  bell  do 
up  until  it  blows  satisfactorily.  For  higher  presst 
screw  the  bell  up  and  for  lower,  down.  When  propc 
adjusted  be  sure  to  again  tighten  the  lock  nut. 
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Feed-Water     Heaters. — The     advantage     of     intro- 
ducing the  feed-water  into  the  boiler  at  a  high  tempera- 
ring  in  the  fuel,  and  the  avoidance  of  the 
strains  produced  u|  j  tjie  introduction  of 

cold  fccd-watcr. 

Economy. — The  great  economy  of  using  the  waste 
i  for  heating  the  feed-water  can 
be  clearly  seen  from  the  following  calculation: 

When  the  feed  water  enters  the  boiler  at  60  degrees 
ahrenheit.  anil  the  boiler  is  furnishing  steam  at  too 
pounds  gauge  pressure  then  the  number  of  heat  units 
wjuircd  to  change  a  pound  of  water  at  60  degrees  into 
Iteam  at  100  pounds  pressure  is  equal  to  1.157  B.  T.  U., 
It  can  be  seen  from  the  Steam  Tables  Therefore,  the 
Umber  of  heat  units  gained  by  utilizing  the  exhaust 
fleam  for  heating  the  feci  water  is  210  —  60—  150  B. 
which  is  a  gain  of  about  12  per  cent. 

In  using  the  steam  tables  always  be  careful  to  con- 
itrt  gauge  pressure  into  absolute  by  adding  15  pounds 
tbich  is  about  the  pressure  of  the  atmosphere.  Hence, 
the  absolute  pressure  of  100  pounds  gauge  pres  "  ii 
115  pound.-. 

Classification  of  Feed-Water  Heaters. — There  are 
1*0  separate  and  distinct  classes  of  feed-water  heaters, 
loth  of  which  cfeu  lea  arc  in  general  use.  The  first  class 
*  known  as  closed  heaters,  and  the  second  class  as  open 
neaters. 

Closed  Heater. — In  this  class  of  heaters  the  fecd- 
•atcr  is  not  exposed  to  the  atmosphere,  but  is  subjected 
to  the  temperature  of  the  steam  by  bringing  the  metal 
hjl>es  through  which  the  feed  water  is  pumped,  in  con- 
tact with  the  steam.  In  this  form  of  heater  the  water 
sing  through  the  tubes  extracts  lite  heat  from  the 
txhaust  steam  contained  in  the  shell  of  the  heater.  The 
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feed-water  is   therefore  pumped   through  the   he 
the  boiler,  the  heater  being  between  the  pump  and 
boiler.    This  permits  the  pump  to  handle  the  water  J 
which   is  a  decided  advantage,  as   it   is  much  easi 
pump  cold  water  than  hot  water. 

This  form  of  healer  is  called  a  closed  In  atei 
the  water  to  be  heated  is  confined  in  tubes  or  pipes. 
exhaust    steam    does    not    come    into    contact    \\ith 
water  to  be  healed,  but  surrounds  the  tubes  or  pip 
the  heater,  and   in   this   way   heating  the   water  be 
its  entrance  into  the  boiler.     In  the  closed  type  of  hi 
the  water  is  usually   caused  to  circulate  through  t 
arranged  in  different  ways,  while  the  exhaust 
velopes  tin   tubes  from  end  to  end  in  passing  through 
heater  from  the  inlet  to  the  outlet  of  same 

ally,    this    fin  in   of   luai    r    is    ouisi  rue  ted    with   the 
outside  and   the  steam  inside  the   tidies,  but    the  I 
method  of  heating  gives  a  much  more  rapid  circulat 
and  is  therefore  much  more  efficient. 

Open    Heater. —  This    class   of   heater   can    In- 
divided  into  two  sub-classes,  being  known  as  direct 
tact   open  heaters,  and   coil   heaters.     In   the   first 
class,  the  exhaust  steam  comes  into  direct  contact  vrA 
the  water,  which  readily  absorbs  the  heat  of  the  stea 

In  a  coil  heater  the  water  does  not  come  into 
tact  with  the  exhaust  steam,  but  it  is  heated  by  the 
hatttt   steam   which    passes   through   coils  of   pipe 
merged   in    a   suitable   vessel   or  heater  containing 
water.     This  vessel  or  heater  is  open  at  the  top, 
permitting  the  water  to  be  exposed  to  the  atmosph 
This  form  of  header  is  rarely  used,  it  being  neither 
cicnt  nor  economical. 

In  the  open  direct  contact  heater,  which  is  the  i 
generally   used   form   of  heater,  the  exhaust   steam 
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I- water  are  brought    directly   into  contact   and  made 
toting  ni  to  be 

-:  its  heat  to  th»  1  his    Foi  m 

ter  must  always  be  placed  on  the  auction  sidi 
ffol  pi|  i  the  pump  and  the 

Oiudvantages.— A  team    and    . 

til  or  grease  carried  over 

i   will   mingle  with 

ni;  some  mechanical  means 

Fed  i"  the  boiler 

usually  done  by    filtra- 

an  oil  separator.     As  the  pump  is  between  the 

and  the  I  imp  to  handle  hot 

heater    t.i    be    placed    higher 

pump. 

ater  a  temperature  of  210  de- 
maintained,    which    m   addition   to    the 
irablc   .1-  al    this  temperature 
ming   Bill  th   the  exeep- 

■  that  this  form 
a  water  purifier. 

Object. — 'II  ater  heater  is  to 

in  th<    •• 
:     .        1     :      ■  ',i     purtfu'i       I  In- 

beal  waste   steam,    while   the 

I  by  3n  economizer. 
Location. — The  feed-water  heater  should  lie  placed 
|*a»v  1   the   exhaust  steam   line,  al- 

■ajjb  it  is  bctte  ate  it  as  near  the  engine  as  prac- 

[0  i  .nun'.  11  !  'i  m  of  .1  direct  con- 

ns the  great  economy 
(*m  rh  heater*. 


L_ 


Sectional  View  of  the  Watomr. 

Bxhaii  •:   Ufain   K.e,l  Water  Heater  and 


I  Purlllrr- 
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Feed-Water  Purifier. —  the  scale-forming 

liable    in    |>rcci|  itatc 

tbe  water    wh  'is    ilicm    in    solution    ia 

to  a  sufficiently    high   temperature,  a   feed-water 

ipparatus  in   which  cither  live  or 

a   is    used  I   the   feed-water  for  this 

live  steam  purifiers  the  water  is  heated  by 

full   boilci   pressure.     In  order  to  raise 

to  290  degrees  Fahrenheit 

1  In-    principal   scale-making  clc- 

th«  heater  is  subjected  to  the  full 

ire,   the    wab  ig  pumped  into  it,  and  it 

boiler    '  ity.     A  tvmperaturi    ril 

iihrcnhcit  is  necessary  to  precipitate 

ne. 

Thi>  called  .1  live  steam  purifier 

in  which  the  water  is  heated 

nrc.  or  a  pressure  slightly  al>ove  it. 

vatcr  purifier  cannot  be  as  economical 

1  which  the  exhaust  steam  alone 

(hi    exhaust   steam   is  used  for  heating 
then  taken  from  a  source  of  waste.     On 
the   live  steam   is   used   for   this   pur- 
.  mi    the   boiler,  and  there  can 
fj  in   fuel,   I111I  n  indirect  saving 

Uilation  ,,i  scale  in  the  boiler, 
cc  of  waste  "f  fuel 
In  FtR.    i"i    '-  illustrated  .1   common   form  of  .1  live 
Ham  feed-water  heater  and  purifier. 

Economizer. — The   object    of   the    economizer    is   to 

I'lr  the  lieat  in  the  gases  escaping 

■-  chimney,  and  to  use  tlii»  heat  to  raise  the  tcm- 

*raiurc    ol  feed-water.     The    temperature    of    the 

n  enter';  thimiiej    is   usually  from  400 
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ivi--.    I-'alin  iiln  i!       l'.\    lowering  this  ti 
to  250  i"  300  degrees,  quite  a  s.-o  fuel  is  ol 

The  draft  of  the  chimney,  ho\vev<  nds 

temperature  of  thesi   g:ise>,  ;m<l  ibis  I.  ■-•■  •  •!'  ti 
must  be  made  it j »  l>>    increasing  the  height  of  tltc 
ney  in  "i<ii  1   to  maintain  the  draft. 

Fig.  72  shows  the  position  of  an  • 
respect  to  the  boiler  and  chimney.     As  can  be 
placed  direct!)    in   the   flue,    Th<    hot  gases   fn 
lioiki  |ias>  through  the  row  of  tubes  on  their  waj 
chimney,  thus  heating  the  feed  watei   which  1-  made 
circulate    through    these    tubes.      1"    this    way    the    fe 
water  may  be  heated  to  as  high  as  350  degrees  Falir 
inii.  and  the  temperature  of  the  gases  reduced  to  at 
300  degrees  Fahrenheit. 

Steam  and  Oil  Separators. — A   separator   is  an 
parattu  designed  to  remove  the  water,  oil,  dirt  and  ol 
impurities   from  a  current  "f  steam   flowing   through 
pipe.      When    it    is   intended   to  separate    the   •' 
the  water,  the  separator  is  placed  on  the  main  pipe  lea 
ing  from  the  boHer  to  the  engine,  and  as  close  as 
bit  t"  the  engine.     When  it  i-  used  to  remove  the 
and  dirt  from  exhaust  steam  before   using  as  feed- 
for  the  boiler,  the  separator  is  placed  in  the  exhau 
leading  from  the  engine  to  the  condenser,  or  heater. 

Classification. — Steam    separators    arc    divided 
two   general  Classes,   viz.:     (1)  Baffle  plate  separate 
1  a  1  Centrifugal  separators.     In  the  first  class,  the 
comes  in  contact    with  the  baffle  plates  placed  at  rijj 
angles   to  its  direction   of  Bow,   thus  sharply  changii 
the  direction   of   i!,.u    of  steam.      In   a  centrifugal  set, 
ator  the   steam    is   given    a    whirling   motion    in    Howie 
through  the  apparatus,  and  by  this  whirling  motion 
water  i>  separated  from  the  steam. 
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Action. — Th«  principle  Ol  nil  separators  depends  on 
inertia.  Since  watei  or  oil  is  much  heaviei  'ban  steam. 
their  Inertia  is  much  greater  than  thai  of  the  steam- 
Consequently,  when  the  current  of  steam  comes  in  con- 
tacl  with  the  baffle  plate,  the  steam  changes  it 
tion  with  ease,  but  the  heavier  particles  of  wratet 
by  reason  of  their  inertia  are  dashed  against  the 
plate,  thus  separating  them  from  the  steam  which  fkw 
on  to  the  engine. 

Pig.  7$  illustrates  a  common   form  of  a  horil 
and  vertical  centrifugal  separator,  which  is  known  as1 
Detroit    Separator.     In    Fig.  "8  is  shown   the  separata 
connected  direct  to  the  engine. 

Steam  Trap. — This  is  an  appliance  for  removing  th< 
water  of  condensation  from  steam  pipes,  sepan 
similar  apparatus  without  the  waste  of  si 

Fig.  74  shows  the  usual  connection  between  a  steal 
trap  and  separator,  in  which  1  is  the  separator  and  2  tl- 
steam  trap. 

Classification. — Steam    traps    are    divided    into    tv 
general  classes,  being  viz.:  open  traps  and  closed  trap 

Open  Traps. — This  is  a  trap  that  is  so  construct* 
that  it  can  only  discharge  into  a  vessel  in  which  thcr 
is  a  lower  pressure  than  in  the  trap.  Should  it  be 
necessary  for  it  to  discharge  into  a  higher  pressure,  tli 
the  trap  must  be  elevated  high  enough  above  the  vess 
in  which  it  is  to  discharge,  to  have  a  head  of  water 
it  sufficiently  great  to  create  a  pressure  higher  than 
i>ts  in  the  vessel  into  which  it  is  to  discharge. 

I  ig    75  shows  -i  common  form  of  an  "pen  float  trap 

Tip.  76  shows  an  open  bucket  trap. 

Fig.  77  shows  an  expansion  trap. 

Fig.   1 1 1  shows  an  open  trap  so  placed  as  to 
the  condensation  direct  into  the  boiler. 
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View  i*  a  HoiiaouUI  unJ  VerUca  f>"gul 

Separator. 

ng,  7*. 
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Closed  Trap. — Such  a  trap  is  so  constructed  as  to 

ii  from  a 
iv   |on   -  into  a  vessel   in 

ihere  is  a  high  pressure. 

Otnical  to   use  the  cheaper  open  trap  for  this  pur- 


njector  and   Inspirator.— The  injector  is  an  appar- 
for  forcing  the  feci  water  into  a  steam  boiler.     It 
invented  in  1858  by  the  French  scientist,  Henri  tiif- 
e  that  time  has  been    universally  used. 

Principle  of  Action. —  I  1  ■  f  the  steam 

c  the  in  nh  it.  and  thus  creati      1 

ich  tli«  f<  >  'I  water  Rows.    l*he 
am  then  impart*  h  ity  to  this  watei 

1    - 1- '  ieti  icti  im  to   Force  opi  n   il 

md  enter  lh< 

Emntial  Parts. — Fig,  79  lie  essential  parts 

by  means  <>f  which  the  injcctoi   perl 

Steam  itted    through    (a)   and    (lows 

gh  the  nozzle   with  a  high   vi-lmitv,  passes  1 1 1  r ■ .  1 1 : ■  1 1 

tub  'it    thn  nigh   the  overflow 

zzlc  fp;).     This  current  of  steam  carries  the 

with   it.   thus   forming  a   partial 

1  the  atmosphere  then  forces  the 

•   the   chamber  and  into  the 

tube    1'. 1 1      In   <<])   tin-  steam   and   water  are 

with  the  result  'liar  tin    steam  imparts  a  great 

at   the  same  time  is 

This  fo  atci    that  flows  from 

■   Mi  -m  h   a   high  velocity  iliat 

and  into  the  discharge 

nough  to 


A   Float   Stoam  Trn|>. 
Pfe    76. 
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in    the   boiler.     The  water  thus 
fcw  pa^t   tl  Ivc   <i)    into  the  boiler. 

..ri   of  lh«  injector  il-i  If 
tial  part  of  the  installation. 
Steam  Supply. — Winn  the  is  winking  prop- 

l)oilei    in  a  st< 
•    but  should  the  feed-water  be  too  hot  t>> 

ite  the   i  then 

■wing  t<>  it*  lightness  will  not  be  forced  into 
bnl    will  il  .erflow. 

I    the  be  too  large,  then  all 

in  the  combining  t»l>«    and  it  will 
,  .  •  .v.nl. ...-.  ii  izzh  .     W  hen  the  sup- 

too  small,  it*  momentum  is  not   then  suf- 
ii    into   the   discharge   ■  ainst    the 

is  diseh  ir^ed  out  of 

t<i  watch  the  overflow  nozzle  in 
i  king  properly. 
Range  of  an  Injector. —  Tins  t<  rni  <<  U  n  to  the  steam 

>r   will   start,  and   the   steam 
irk 
•  range  ni  inj<  ctor  .  with  tcm- 
..f  the  feci'  by  ihc  International 

Connections  of    Injector   to    Boiler. — In    Fig.    8 

to  connect  up  the  I'eubcrthy  in- 
v  ell  known    I  an  automatic  in- 

Parts  of  Injector  as  Shown  in  Fig.  8o. — !'..  I'ody  of 

am    Pipe.     F.    <  In  i  k 
lobi     Valve    in    Delivery 
II.  '  lion    Pipe.     J.   \\  ater  Sup- 

tor.      K,  \\  ater  Supply  taken 
Ilk.     L,   W  aste    Pipe  from  (  >verflow. 
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A   liiicki't    Si.ain   Trap 


An  Expansion  Trap. 
F!k    77. 
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Second  Globe  Valve  in  Water  Supply  Pipe  where  an 
head  Tank  is  used  or  supply  is  taken  from  Water 

:irc. 

Direction. — Steam  Pipe  "D"  should  always  be  same 

i  connections,  and  must  he  connected  to 

Em    lifc.li  Ible  point,  and  independently 

[pe,  in  order  to  insure  best  results.     This 

nnst  he  blown  out  with  steam  before  connecting 

*. 

Suction  Pipe  "H"  must  always  be  as  large  as  in- 
connections.  and  where  lift  is  over  10  feet,  should 
««  or  two  sizes  larger,  reducing  to  injector  size  as 
ir  as  possible,  and  having  a  globe  valve  same 
u  larj:  Re  sure  and  put  a  globe  valve  (not 

tway)  in  tfac  water  supply  pipe. 
On  a  Long  Lift  a  foot  valve  should  be  placed  on 
iction  pipe.     Without  a  foot  valve,  every 
injector  is  started  the  air  must  all  be  exhausted 
suction  pipe  I  i  water  can  reach  the  in- 

and  considerable  steam  is  wasted.     With  a  foot 
the  water   i-^   held   in   the  pipe   when   injector  is 
and   is  there  when  starting  again,  so  that  the 
in  steam  will  soon  pay  for  the  cost  of  this  valve. 
the  water  pressure  i^  heavy,  such  as  is  usual 
ity  water  works,  to  facilitate  starting 
steam,  many  persons  use  two  globe  valves,  "H" 
atcr  supply  pipe,  one  as  near  the  in- 
u  possible  and  the  other  several  feet  away,  form- 
ell"  between  the  two.     The  far  away  valve  "M" 
d  to  reduce  the  pressure  and  the  one  near 
for  regulating  the  water  supply.     The  same 
be  obtained  by  using  a  water  supply  pipe  and 
ize  smaller  than  injector  connections. 


'Sicnm  Separator  Connection  to  Engine. 
PlK-  78. 
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The  Delivery  Pipe  should  he  same  size  as  injector 

r   larger   if   desired.     There   should   be   a 

check  valve,  "F,"  and  also  a  globe  valve,  "G,"  in  this 

pipe,  the  latter  for  use  in  case  the  former  gets  out  of 

order. 

Injector  is  operated  by  opening  valve  "D"  in  the 
steam  supply  pipe  full  anil  then  opening  the  valve  "H" 
in  water  supply,  with  which  the  amount  of  water  deliv- 
o  boiler  can  be  regulated.  When  this  valve  has 
"•en  regulated  properly,  the  Steam  valve  only  will 
netd  to  -I'  the  injector,  unless  the 

steam  pressure  carried  has  altered  to  a  great  extent. 

Inspirator. — An  injectoi  and  an  inspirator  arc  the 
n  inspirator  being  merely  a  trade  name 
•  I  by  the  Flancock  Inspirator  Cornpati)  for  theii 
iiake  i  inspirator  is  shown  in  Fig.  121. 

Water   Column. —  This    consists   of    a    large   hollow 

ted   v. iih  the  steam  and   water 

5l»aces  of  the  boiler,  and  on  which  tube  the  ;;  m-e  cock 

water  gam  The  advantage  of  the 

of  the  water  column  is  the  placing  of  the  gauge  cock 
'nil  water  glass  so  as  not  to  be  effected  by  the  violent 
notations  of  'lie  water  within  the  boiler,  as  is  the  case 
nfcea  they  are  connected  direct!)    to  the  boiler  bead. 

Fig.  97  illusir.iti  •-  .i  f.  .rm  of  a  water  column  in  gen- 
ial use. 

Safety  Water  Column. — The  first  and  most  impor- 
tant object  of  safety  water  columns  is  to  give  warning 
to  those  in  charge  of  a  boiler  in  case  the  water  varies 
above  or  below  the  proper  level.  When  this  happens 
the  whistle  sounds  in  ahum,  continuing  to  blow  until 
•he  fecd-watei  supply  has  been  regulated.  In  the  event 
of  low  water  this  warning  may  be  the  means  of  averting 
t  boiler  disaster. 
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Its  Economic  Value. — The  protection  afforded  is  in 

iffirignt    reason   fi  ipping  every  boiler  with 

device.      But  in  addition  there  arc  several  economic 

be  gained  from  its  use.  all  of  which  are 

natural   result  of  keeping  the  water  steady   at   the 

level. 

Saving  in  Fuel. — When   the  water  level   is  con- 
ly  changing  there  is  bound  to  be  great  loss  of  heat 
fuel.     If    the   water    is    too    high    an    unnecr 
imt  <>f  heat  is  required,  involving  wasteful  consump- 
fucl.     If  it  is  too  low  it  necessitates  the  sudden 
hr  in  of  a  large  quantity  of  water  at  a  lower  tcm- 
»ture  to  absorb  the  heat  and   reduce  the  steam  prcs- 
Aficther   waste  of  heat,   fuel  and   money. 
Dry  Steam. —  i  iter  in  the  boiler  is  not  only  the 

of  wrt  steam,  but  (jives  opportunity  for  water  to 
awn  over  to  the  engine  in  considerable  quantities, 
awn  out  cylinder  head,  or  possibly   the  complete 
lie  engine  may  follow.     The  gain  in  engine 
leady  steam  pressure  and  the 
clastic  steam,  is  too  well  understood  to  need 

reased  Durability  of  Boilers. — Another  effect  of 

water  is  to  cause  fluctuations  of  temperature 

re,  which  in  turn   result  in   constant  cxpan- 

lod  contraction   of  the  boiler.     This  racking  and 

-tructivc  to  the  life  of  the  boiler  and  the 

of  frequent  repair  bills   as  well. 

a  common  form  of  a   safety    water 


FURNACE  ATTACHMENTS. 

Grates. — The  grates  should  not  be  larger  than  can 

icntly    cleaned    and     fired.     Two    fire    doors 

provided  \\h  ire  more  than  4  feet  wide. 


I 


Connections  of  Injector  to  Boiler. 
Fig.  80. 
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jrates  are  usually  inclined  slightly  to  the  rear  to 
lit  firing,  ami  also  to  permit  a  freer  access  of  tin-  aii. 

Grate  Bars. — They  arc  usually  made  of  cast  iron  and 
hape  and  size  depend  on  the  character  of  furnace 
box  and  the  fuel  to  he  burned  on  them. 

In  Fig.  82  is  shown  the  most  common  forms  used. 

I  Tie  circular   grate   A   is   used   in   vertical   boilers;    the 

ndi   used    undei    vertical   boilers. 

I  is  used  for  burning  wood  and  sawdust.    The 

the  ordinary  form  used  in  all  coal  fired  fur- 


For  the  burning  of  fine  coal,  the  perforations,  or  air 
.cr  from  30  to  50  per  cent  of  the 

I  area  I  rate.     For  anthracite  coal  the  space: 
also  be  made  small,  but  for  bituminous  coal  the 

ttS  must    be     made    much    larger.      The    grate    bars 
••wild  not  Ik*  more  than  3  feet  long  and  3  inches  deep. 

I I  thickness  of  }i inch  at  the   t"P  and  fg-inch  thick- 
is!  the  bottom.     The  air  space  left  between  each  bar 

be  about  l/j  inch.     In  big.  82,  E  is  a  cross  sec- 
il  view  of  two  grate  bars  of  the  ordinary  type  used 
tl  tired  furnaces,  which  sectional  view  shows  proper 
nrcments  and  spacing. 

Crate  area  is  designated  by  the  square  foot,  the  or- 

furnaces  containing  about  25  square  feet  of 

area. 

Dead  Plate. — This  is  simply   a   flat   iron   plate  just 

the  furnace  door,  which   furnishes  a  support  for 

1  rlre  l>r  nt  of  the  furnace,  and  is 

Itaed  to  coke  the  coal  upon   it  befotv  binning. 

•  nc  by  placing  the  coal  on  the  dead  plate, 
■J letting  it  become  heated  anil  the  distilled  gases  con- 
■  hire  pushing  the  coal  back  on  the  grate. 
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Bridge. — This  is  a  wall  built  at  the  hack  end  of  the 
•ate.  and  forming  the  rear  end  of  the  furnace.  The 
trpose  of  iliis  bridge  wall  is  to  bring  the  flame  and 
ttted  gases  in  close  contact  with  the  heating  surface  of 
lie  boiler.     Tl  DCC   between   the  bridge  and  the 

ofler  shell  should  b«  from  6  to  10  inches  according  to 
St  size  of  the  furnace  and  the  character  of  the  fuel  to 
k  burned. 

Damper. — This  is  an  apparatus  to  keep  the  steam 

>-  constant  by  regulating  the  draft.     The  draft  is 

regulated  by  controlling  the  volume  of  gases  permitted 

to  pass  into  the  chimney.     This   in   turn   regulates  the 

intensity  of  the  fire  anrl  the  generation  of  steam. 


there  arc   a   great  variety   of  damper  regu- 
which  arc  automatically  operated  by  the 
steam  on  a  diaphragm,  they  arc  gener- 
al  upon   the  same   principles.     Automatic 
taper  regulators  are  used  mostly  in  low  pressure  heat- 
ants.     Fig.  126  is  a  cut  of  a  damper  regulator  in 
al  use. 


•  «  IIHt       llltl  < 

re  of  the 
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Mechanical  Stokers.— While  shaking  grates  are  de- 
lved to  permit   tli  ing  of  the  fire  without  open- 
L/C  the  fire  doors,  and  to  further  facilitate  the  cleaning 
I  »mc  by  not  exposing  the  firemen  to  excessive  heat, 
tl  stokers  were  devised   to  save  the   labor  of 
furnaces    by    hand.     There   arc    a    great    many 
lie  first  mechanical  stoker  having  been 
by  James  Watt. 

foi  .rcncral    use   consists   of   longitudinal 

1  by  links  forming  an  endless  chain.  The 
•1  is  charged  into  a  hopper  and  by  it  delivered  at  the 
fan  of  the  boiler  on  this  endless  chain.  The  moving 
•ithe  grate  from  the  fron»  to  the  rear  of  the  furnace, 
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moves  the  coal  into  the  furnace,  and  then  disposes  of  t 
ashes  and  clinkers  when  it  reaches  the  back  of  the  f 
nace. 

Classification. — Mechanical  stokers  are  divided  ix*  t 
two  general  (lasses,  viz.:  over-feed  and  under-feed. 

Over-Feed. — In  this  design  of  stoker  the  coal  is   f«r 
on  a  coking  plate,  where  the  volatile  matter  is  distilled 
off  by  the  heat  of  the  furnace  and  mixed  with  the  proper 
amount  of  air.     The  coke  remaining  is  then  carried  for — 
ward  onto  the  grates,  where  it  is  bunted. 

Under-Feed. — In  this  design  of  stoker,  the  coal  »* 
forced  by  some  mechanical  device  into  a  chamber  und«*" 
the  mass  of  burning  fuel  in  the  furnace.  The  cok*= 
which  is  formed  is  pushed  upwards  by  the  fresh  co»-* 
that  is  fed  into  the  hopper,  and  burns  above  the  coking 
chamber  on  suitable  grates  on  which  it  falls, 

Advantages  and  Disadvantages. — There   is  little  c^*"" 
no   saving   in   the   use   of   mechanical   stokers   in   sma' 
plants,  and  so  far  as  the  economy  is  concerned  but  littl 
saving  in  the  use  of  automatic  stokers  over  hand  firin 
in    large   plants.     The   chief   advantages   obtained   fro 
the  use  of  mechanical  stokers  is  the  relief  on  the  I'm  rat 
from  much  of  the  severe  and  difficult  part  of  his  wor1 
and  the  saving  of  wear  and  tear  on  the  boiler. 

With  a  mechanical  stoker  a  constant  opening  of  tl» 
fire  doors  is  entirely  avoided.     No  cold  air  is  therefor 
admitted  under  the  boilers  to  cause,  not  only  great 
jury  to  the  boiler  itself  and  waste  of  fuel,  but  great  ha 
ship  on  the  fireman.     There  is  a  further  saving  of  la 
as  with  a  good  mechanical  stoker  one  man  can  do  th 
work  of  several. 

As  more  perfect  combustion  can  be  obtained 
mechanical  stokers  than  with  hand  firing,  owing  to  tl 
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era  and  uniform  rate  the  coal  is  fed  to  the  furnace, 
much  better  results  can  therefore  be  obtained  in  smoke 
pretention  by  their  use. 

In  Fig.  135  is  shown  the  common  form  of  an  Under- 
Feed  Mechanical  Stoker,  and  in  Fig.  124  is  shown  a 
Front-Feed  Stoker. 
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CHAPTER  VI. 

QUESTIONS    AND    ANSWERS    ON    PREC! 
CHAPTERS. 

Q.     What  is  the  principal  boiler  attachment? 

A.     The  furnace. 

Q.     Into  what  classes  arc  furnaces  divided? 

A.  Into  straight-draft  and  down-draft  furna 
mrding  In  1  lit-  direction  tak.  n  l.y  the  draft. 

Q.     What  is  a  steam  pressure  gauge? 

A.     It  is  a  gauge  attached  to  the  boiler  to 
the  amount  of  pressure  in  the  boiler. 

Q.    How  is  this  pressure  designated? 

A,  In  the  number  of  pounds  per  square  bid 
the  pressure  of  the  atmosphere. 

Q.     Is  this  the  absolute  pressure  within  the 

A.  No;  it  is  the  gauge  pressure,  the  absolu 
sure  being  14.7  pounds  in  excess  of  the  pressure  si 
the  gauge. 

Q.     What  is  meant  by  atmospheric  pressure? 

A.  It  is  the  pressure  that  exists  on  all  object 
surface  of  the  earth.  It  is  not  felt  by  us  as  it  is  c<; 
i.  e.,  the  pressure  is  exerted  equally  in  all  direct 

Q.     Is  this  pressure  the  greater  at  the  sea 
upon  a  mountain? 

A.  It  is  greater  at  the  sea  level,  becoming 
the  altitude  becomes  greater. 

Q.  For  what  purpose  is  a  whistle  attacl 
steam  boiler? 

A.     For  signaling  purposes. 

Q.     What  is  a  feed  water  heater? 

A.     It  is  an  apparatus  for  heating  t! 
a  boiler. 
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What  is  the  object  of  heating  the  feed  water? 
To  save  fuel,  and  also  the  boiler,  by  decreasing 

and  contraction. 
How  are  feed  water  heaters  classed? 
Into  two  classes,  designated  as  closed  heaters 
I  open  heaters. 

Q.   What  is  a  closed  heater? 

A.  In  this  form  of  heater  the  feed  water  is  sub- 
I  to  the  temperature  of  the  steam  by  bringing  the 
I  tubes  through  which  the  feed  water  is  pumped,  in 
:  with  the  steam.  The  steam  itself  does  not  come 
with  the  feed  water. 
Q.    What  is  an  open  heater? 

A.    In  this  form  of  heater  the  steam  comes  in  direct 
with  the  feed  water,  which  absorbs  the  heat  of 
!  steam. 

Q.    What  is  a  coil  heater? 

A.    This  is  a  form  of  an  open  heater  in  which  the 

steam  does  not  come  in  direct  contact  with  the 

Inter,  but  passes  through  coils  of  pipe  submerged  in 

[•citable  vessel,  or  heater,  containing  the  water. 

Q.   What   are    the   chief   advantages   of  a  closed 

xl 

A.    It  permits  the  water  to  be  handled  by  the  pump 
i  cold,  and  by  not  bringing  it  in  contact  with  the  ex 
t  steam  it  does  not  mingle  with  the  oil  or  grease  car- 
I  oter  from  the  engine. 

Q.  What  form  of  heater  is  most  commonly  used  ? 
A.  The  open  heater,  owing  to  its  simplicity. 
Q.  What  is  a  feed  water  purifier? 
A-   It  is  a  form  of  a  feed  water  heater  in  which  the 
nter  is  heated  by  live  steam  to  a  sufficiently  high 
Man  to  precipitate  most  of  the  scale  forming  sub- 
in  the  water. 
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Q.     What  is  an  economizer? 

A.  It  is  a  form  of  a  feed  water  heater  in  wl 
hot  gases  are  utilized  before  escaping  into  the  < 
for  heating  purposes,  instead  of  the  exhaust  or  liv< 
as  in  other  forms  of  feed  water  heaters. 

Q.     What  is  a  steam  separator? 

A.     It  is  an  apparatus  designed  to  remove 
oil,  dirt  and  other  impurities  from  a  current  of  t 

Q.     Into  what  two  classes  arc  separators  di\ 

A.  Into  baffle  plate  separators,  and  centrifu 
arators. 

Q.     Upon  what  principle  do  all  separators  de; 

A.  Upon  inertia,  the  water  or  oil  being  mu< 
ier  than  steam. 

Q.     What  is  a  steam  trap? 

A.  It  is  an  appliance  for  removing  the  water 
densation  from  .steam  pipes,  separators,  and  sim 
paratus.  without  the  waste  of  steam? 

Q.     Into  what  two  classes  are  steam  tra 

A.     Into  open  traps,  and  closed  traps. 

Q.     What  is  an  injector  or  inspirator? 

A.  It  is  an  apparatus  for  forcing  the  feed  wa 
a  steam  boiler. 

Q.     What  is  a  water  column? 

A.  It  is  a  tube  with  its  ends  connected  to  th 
and  water  spaces  of  the  boiler,  and  on  which  t 
gauge  cocks  and  water  glass  are  connected. 

Q.     What  is  the  object  of  a  safety  water  cob 

A.  To  gi»c  warning  to  those  in  charge  of  tl 
in  case  the  water  varies  above  or  l»clow  the  prop* 

Q.     How  is  grate  area  usually  designated  ? 

A.     In  square  feet. 

Q.     What  is  the  object  of  the  bridge  wall 
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A.    To  bring  the  flame  and  heated  gases  in  close  con- 

wkh  the  heating  surface  of  the  boiler. 

Q.    Is  it  necessary  to  always  use  a  bridge  wall? 

A.    No,  especially  when  oil  is  burned. 

Q.    What  space  should  there  be  between  top  of 

wall  and  shell  of- boiler? 
A.    From  6  to  10  mches,  depending  on  size  of  the 


Q.    How  thick  should  the  bridge  wall  be  made? 

A.    a8  inches. 

Q.    Should  each  boiler  in  battery  have  a  separate 

valve? 
A.    Yes,  always,  and  no  valve  should  ever  be   in- 
between  it  and  the  boiler. 
Q.    Why  is  a  plug  cock  the  best  valve  to  use  upon 
blow  off? 

A.    Because    it   has  an  opening   equal    to   the   full 

hotter  of  the  pipe,  and  scale  or  dirt  is  therefore  less 

dy  to  prevent  it  closing  tight  than  when  a  globe  or 

fe  valve  is  used. 

Q.    What  advantage  does  the  tube  or  flue  add  to 

boiler? 

A    It  adds  strength,  heating  surface  and  a  reduced 
*  of  water. 

Q.   What  is  the  object  of  the  damper? 
A   To  keep  the  steam  pressure  constant  by  regu- 
« the  draft. 

Q.   Into  what  two  general  classes   are   mechanical 
fftb»  divided? 

A   Into  overfeed  and  underfeed  stokers. 
Q.    What  is  the  chief  advantage  in  the  use  of  a  me- 
b£a]  stoker? 
A   It  avoids  the  constant  opening  of  the  fire  doors. 


CHAPTER  VII. 


BOILER  MANAGEMENT. 

Care  of  Boilers. — Both  the  safety  and  the  ccononu 
operation  of  boilers    require  that  every  care  six 
taken   of  them,  and  that  every  precaution    I. 
in  their  operation.     While  a  boiler  is  nut  handsom 
appearance  and  its  operation  not  clean  work,  there  1 
piece  of  machinery  that  is  as  sensitive  to  abuse  as 
ordinary  steam   boiler.     The   principal  care  of  a  bo 
is  the  proper  firing  of  same,  and  next  in  importan 
keeping  it  clean.     The  firing  of  a  boiler  is  generally 
garded  as  a  most  simple  matter  requiring  but  little  *l 
and  ntil\    manual  labor.     This  is  a  great  mistake,  fur 
proper    firing  of  a    boiler  consists  of    much  more 
merely  shoveling  the  coal  into  the  boiler  furnace.  Tta 
are  certain  requirements  which  must  be  observed 
or  less  applicable  to  all  steam  boilers,  and  which  refl 
menta  can  only  be  learned  by  study  an. I  haul  work 
first  requirement  is  the  starting  of  the  fire  under  the 
l">iler,  and  to  do  this  there  is  both  a  right  ant!  a  vm 
way.     The  right  way   is  t"  start  the  fire  so  as 
slowly  at  first,  mi  that  all  p.irir.  of  the  boiler  and 
may  Income   heated  gradually  and  evenly,  permitl 
boiler   to  expand    uniformly   throughout,    thus    ;>■. 
all  strains  and  injury  to  the  metal.     If  on  the  contf 
a  hot  fire  be  made  at  the  start,  the  upper  part 
boiler  will  be  heated   to  a  high  temperature  before 
lower  part  has  been   scarcely  warmed.     This  is  du 
the  cold  water  remaining  in  contact  with  the  lower  p 
thus    keeping   them    cool    while    the    upper    pan    <-f 
boiler,  not  having  the  water  on  one  side  of  tin 
rapidly  becomes  heated. 
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The  necessity  of  keeping  water  in  contact  with  one 
side  of  all  metal  of  a  boiler  which  is  exposed  to  the  di- 
rect heat  of  the  furnace  or  the  heated  gases,  lias  already 
been  stated.  This  is  required  since  iron  or  steel  when 
heated  above  600  degrees  Fahrenheit  becomes  weaker, 
nil  it  is  therefore  necessary  to  prevent  a  dangerous  in- 
crease of  the  temperature  of  the  metal  above  thai  tem- 
ture.  and  this  can  on  me  by  keeping  the  water 

n  contact  with  the  metal. 

Cleaning  Boilers. —  Tin-  work  of  cleaning  a  boiler 
ists  of  first  removing  the  huidhole  Mid  manhole 
after  the  boiler  has  been  emptied.  The  mud  and 
loose  scale  is  then  scraped  Out,  and  the  whole  interior 
,'hly  rinsed  with  a  hose.  If  scale 
has  accumulated  on  the  tubes  and  other  heating  surfaces, 
it  must  be  scraped  off  befort  ii  becomes  bo  thick  as  to 
cause  the  overheating  of  the  metal. 

The  scale  On  the  plates  over  the  fire  and  around  the 
braces  and  stays  can  usually  be  removed  with  a  hammer 
and  chisel,  but  great  care  should  be  taken  not  to  cut  into 
the  metal.  The  scale  on  the  tubes  in  horizontal  boilers 
can  usually  lit-  removed  by  a  chain.  To  use  a  chain  it 
iv  to  wrap  it  around  the  tube  and  pull  it 

I  back  and  forth.     If  the  boiler  is  very  badly  sealed  it  will 
require  two   men   to  do  this  work   sue.  .-■.fully. 
The  .  le  by  mechanical  means  should 

only  be  done  when  it  is  absolutely  necessary.  Proper 
precautions  should  be  taken  to  prevent  the  formation  of 
icale  by  the  use  of  proper  boiler  compounds  or  water 
purifiers,  such  •  method  not  only  being  more  economical, 
but  safer  in  every  waj  than  any  mechanical  method.  In 
«ing  a  boiler  compound,  first  have  the  feed  water 
analyzed  by  a  reliable  chemist  and  then  select  a  com- 
pound especially  for  that  particular  quality  of  feed  water; 
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or  what  is  better,  liavc  a  compound  made  up  cspeci 
for  tin-  feed  water  from  the  analysis. 

When    Cleaned. — How    often    a    boiler    should 
cleaned  will  depend  chiefly  on  the  amount  of  water 
boiler  is  t\  aporating,  and  upon  the  quality  or  purity 
the  water. 

In  some  cases  a  boiler  will  require  cleaning  cv 
week,   while  other  boilers  must  be  cleaned  on© 
two  weeks,  or  in  many  instances  only  once  a  month.  1 
average  time  a  boiler  can  be  economically  operate 
OUt  being  cleaned  is  about  three  weeks,  and  should 
boiler  be  equipped  with  mechanical  cleaners,  the  tin 
can  then  be  extended  to  about  once  every  four  week 

Deterioration. — All  boilers  arc  subject  to  rapid 
terioration    from    the   time   they   are    first   constructed 

their  condemnation  as  unsafe  for  further  use.    To  aw 

such   deterioration   as  much   as   possible,   the   exterior 
all  boilers  should  be  carefully  covered  so  as  to  protc 
them  from  the  weather  or  from  any  water  dripping  uy< 
them.     When  boilers  arc  not  in  service  this  deteriorate 
continues,  though  every  precaution  is  taken  against  it 

To  avoid  this  as  much  as  possible  the  boiler  St 
be  carefully  cleaned,  including  the  furnace,  ash  pit 
combustion  chamber,  immediately  upon  being  cut  out 
service.  All  valves  and  joints  should  be  made  tight.  I 
the  boiler  setting  put  in  good  condition.  After  this 
done,  to  further  prepare  the  boiler  for  a  period  of  ic 
ness,  40  or  50  pounds  of  soda  should  be  placed  ak 
the  bottom  of  the  boiler,  and  the  boiler  then  filled  Up 
the  highest  water  level.  All  valves  and  the  da 
should  be  closed  tight. 

Boilers   Newly   Set. — The  greatest   care   should 
taken  in  heating  up  newly  set  boilers.     The  fire  shot! 
not  be  lighted  under  the  boilers  for  at  least  ten 
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same,  as  at  least  this  length  of  time 

I  to  enable  all  parts  of  the  mason  work  to  set 

properly.     When  the  lire  is  started  under  a 

ler   for  tin-  first  time,  [1  should  be  a  very 

one.  ••n!s-  sufficient   i"  moderately  warm  all  parts 

Thi-   $]om    tiro   should    be   kept   up 

»t  lea-  '•'  four    hours    and    not    iniu;i.-nl    but 

fore  tin    BCCOnd  or  third  day,     Three  full  days 

before  any  steam  is  raised  on  the  iioiler. 

When  steam  is  raised   foi    the   first  time,  it  should 

U  allowed  to  go  above  4  Ot  5  pounds  pressure,  and 

lid  then  be  sent  through  all  the  pipei- 

e   I ii- fore  any  attempt  is   made  to  put 

5UXC. 

The  object  of  these  precautions  is  to  prevent  injury 
any  sudden    expansion,   the    masonry    not    having 
tnd  the  mortar  still  being  green. 
Care  of  Water  Tube  Boilers. — The  soot  and  ashes 
n  the  exterior  of  Hie  tubes  in  this  form  of  boil- 
d  of  on  the  ii  if  the  tubes  as  in  fire  tube 

Boilers,  and  such  soot  and  ashes  must  be  as  carc- 
wnoved  in  one  case  as  in  the  other.     In  this  form 
er  a  blow  pipe  and  hose  is  used  through  open- 
brick  work.     The  scale   which   collects 
inside  of  the  tubes  of  these  boilers,  is  much  more 
t  to  i  than  in  tire  tube  boilers,  since  such 

arm-it  be  reached  by  an  ordinary  scraper,  but  must 
or  drilled  out.      There  arc  a  number  of  con- 
ssfully  accomplish  this  object  on 
t.  but   tin  sll   more  or  less  open  to  the 

which   appln  ■■  >••  all  mechanical  devices 
img  boilers, 
tion  of  Boilers. — Before  filling  the  boiler  with 
1 1  examination  should  be  made  to  sec  that 
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nothing  has  been  left  inside  of  it,  as  it  often  happ' 
a  tool  or  piece  of  oily  waste,  etc.,  is  overlook 
which  may  cause  a  burnt  sheet  or  other  damagt 
boiler.  The  manhole  and  handholc  plates  shou 
be  replaced,  care  being  taken  to  see  that  the  gasl 
in  good  condition.  It  is  usual  to  place  a  mix 
cylinder  oil  and  graphite  on  the  outer  surface  of  I 
ket,  so  that  it  may  be  removed  without  tcarin 
permitting  the  gasket  to  be  again  used.  Thcsi 
hole  and  manhole  plates  must  be  properly  rcplai 
secured  in  order  to  prevent  leakage.  Should  su< 
age  occur,  it  is  rarely  that  it  can  be  stopped  by  ] 
ing,  and  it  will  therefore  necessitate  blowing  tin 
down  before  a  proper  joint  can  be  made. 

Water  Required.— The  boiler  should  then  I: 
until  the  water  shows  at  least  half  way  up  in  th< 
glass,  thus  insuring  that  the  water  covers  all  [ 
the  boilei  that  are  exposed  to  the  action  of  the  i 
hot  gases. 

Filling  the  Boiler.— The  boiler  ran  he  fille 
the  city  mains,  provided  the  pressure  is  sufficicn 
it  to  the  required  height.  Should  there  not  be  > 
pressure  to  do  so,  it  will  then  be  necessary  to  use 
or  to  fill  with  a  steam  or  hand  pump.  While  !h 
is  tilling,  means  should  be  provided  for  the  e» 
the  air  contained  therein,  otherwise  the  pressure 
from  the  air  on  the  inside  of  the  boiler  will  pre* 
boiler  from  filling  fast,  or  may  prevent  it  fron 
filled  to  the  proper  height.  It  is  usual  tin 
the  top  gauge  cock  open,  or  a  manhole  plate 
off  while  filling,  but  care  should  be  taken  to  » 
manhole  is  properly  secured  before  attempt i 
steam.  As  air  is  a  poor  conductor  of  heat, 
left  for  its  escape  should  not  be  closed  until 
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.  then  they  should  be  at  once  closed 
steam  pressure  can  be  raised  as  soon 
ut   forci:  fires,     As  soon  ■'■•   sufficient 

been    raised,   the    feed    pump   or    injector 
e  thai  the)  are  in  proper  working 
l  then  the  water  gia  ige  cocks  ami  all 

mid  I  d  b)  opening  and  'losing  them. 

-i  never  be  assumed  that  they  arc  in  good  con- 
t    they    must  be  known  to  be  so  from  actual 

lg  the    Boiler  into  Service. — This  is  done   by 

cuing   the  stop  valve  with    which  each  boiler 

!.  thus  permitting  the  steam  to  flow 

nil    the   other    mechanism    in    the 

d    this    valve    be    opened    too    .nnYkly,    it    will 
change  in  the  temperature  and  excessive 
be  piping,  thereby  causing  a  water  ham- 
dug,   and  priming  in    t  lie   boiler.     Where 
usually  designated  .is  a  battery  of 
re  all  ed   to   the  same    header   or  steam 

must   lu-.i   be  equalized  between  the 
ng  same,  in  order  to  pre- 
im  from   "in    1"  lilej    to  another. 
ri    all   the  boilers   should    not    vary  over 
u'c  to  connect,  or  cut   in,  the  dif- 
\t  all  times  when  the  boiler  is  in   u  i  , 
nld   be  maintained  at  a  constant  level,  as 
in   same,  means  a  variation   in   the 
which  would  ai   once  effect   the  opera- 
itirc  plant.      In  order  to  maintain  a  ..instant 
i  water  must  be  regularly  supplied.    Should 
ime  go  out  of  sight,  and  the  true  l<  vel 
the  lower  gauge  cock  and  gauge 
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glass  connections,  the  fires  must  be  at  once  deadened  b 
throwing  fresh  coal  on  the  same,  or  covering  with  ashes 
so  that  the  pressure  Will  fall  as  low  as  possible  witho 

the  introduction  of  feed  water  or  the  Stopping  of  tl 
engine.  Do  not  touch  the  safety  valve,  nor  open  any 
of  the  valves  which  may  cause  a  sudden  fluctuation  of 
the  water  level  in  the  boiler,  as  this  will  bring  the  water 
in  contact  with  the  highly  heated  metal,  causing  a  sud 
den  increase  of  pressure  by  the  rapid  evaporation  of 
same.  By  keeping  the  engine  running  the  steam  can 
be  worked  off,  thus  lowering  the  pressure.  The  pump 
and  injector  should  not  be  started,  as  this  would  forcr 
the  cold  water  into  the  boiler,  and  against  the  overheats! 
plates. 

When  a  steam  pipe  bursts  the  water  level  is  quickly 
lowered  by  the  rapid  discharge  of  the  steam,  thereto 
the  fires  must  be  at  once  deadened  to  save  the  top  row 
of  tubes,   which   will  soon   become   left   without    water 
around  them  and  exposed  to  the  heated  gases. 

The  fires  must  always  be  deadened  as  quickly 
possible  in  case  of  any  accident  causing  a  sudden  rele 
of  the  steam,  such  as  the  melting  of  a  fusible  plug,  the 
plug  from  a  stop  or  blow-off  cock  blowing  out.  etc. 

In  case  of  all  such  accidents,  the  first  thing  whic' 
demands   the   attention   of   the   engineer   or   fireman  i 
charge,  is  the  amount  of  water  in  the  boiler  and  the 
sure  of  the  steam. 

Regulation  of  Feed  Water. — When  the  boilers  of 
battery  have  been  cut  into  service,  the  feed  water  i> 
same  must  next  be  carefully  regulated.  Each  boiler 
its  own  check  valve  and  feed  stop  valve,  all  the  boil 
being  usually  supplied  from  one  pump.  The  quanti 
of  feed  water  admitted  to  each  boiler  is  regulated  by  i 
own  feed  stop  valve. 
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When  the  water  gets  low  in  any  boiler,  its  feed  stop 
lire  must  be  opened  wider,  and  at  the  same  time  the 
ed  stop  valves  on  one  or  more  of  the  other  boilers  in 
peration  must  be  partially  closed,  thus  forcing  the  feed 
ater  into  the  boiler  or  boilers  requiring  it 

Shotting  Down. — Shortly  before  the  time  for  shut- 
■g  down  for  the  night,  the  boiler  should  be  filled  to 
he  top  of  the  water  glass,  so  as  to  allow  for  evaporation, 
*  any  leakage  during  the  night.  This  also  insures  suffi- 
dest  water  in  the  morning  to  permit  the  blowing  out  of 
a  portion  before  raising  steam,  as  should  always  be 
tee. 

The  fires  should  next  be  banked,  and  all  the  steam 
nlves  closed  tight,  including  the  valves  at  the  top  and 
bottom  of  the  gauge  glass.  The  damper  should  be  also 
dosed,  but  not  tight  as  an  opening  should  be  left  to  per- 
mit the  escape  of  the  gases  from  the  banked  fire  during 
A*  night,  up  the  chimney. 

Starting  Up. — On  entering  the  boiler  room  the  first 
*ia|  the  engineer  and  fireman  should  observe,  is  the 
^Uity  of  water  in  the  boiler.  To  ascertain  this,  both 
fc  water  glass  and  the  gauge  cocks  should  be  tried. 
wnld  the  water  level  not  be  too  low,  the  banked  fires 
*oald  then  be  spread  over  the  grates,  and  the  damper 
"fnlator  opened. 

Before  the  pressure  begins  to  rise,  the  blow-off  cocks 
Wd  be  opened,  and  the  boiler  blown  down  about  3 
*  4  inches  as  shown  in  the  gauge  glass.  This  should 
k  done  every  morning,  in  order  that  the  boiler  may  be 
fed  as  much  as  possible  of  all  the  impurities  in  the 
^b  that  have  settled  during  the  night.  Only  such 
■Ptfities  in  the  water  as  are  held  in  mechanical  suspen- 
•i*  tan  be  removed  in  this  way.    All  the  other  impuri- 
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ties   being  licit]    in    solution,   can    only    be    removed 
chemical  or  othei  means, 

While  blowing  down  a  boiler,  the  blow-off  musi 
never  be  left  while  it  hi  "]>cn  by  the  engineer  or  fireman 
who  is  in  charge. 

The  water  level  in  a  boiler  should  never  be 
to  fall  below  the  first  gauge  cock,  it  being  the   lowed 
gauge   cock;   for   when   the   WStef  gttS   below  this  point 
all  the  top  row  of  tubes  arc  left  uncovered  with  water. 

Priming. — This    Is    simply   the    water    in    the   boiler 
boiling  over,  and  being  carried  into  the  steam  pipes  ami 
thence  to  the  engine,  where  it  may  cause  considi 
damage. 

The  mi  ist  common  causes  of  priming  arc  \ 

(i)  Insufficient  boiler  power. 

(2)  Defective  design  of  boiler. 

(3)  Wah-r  carried   loo   high. 

(4)  Irregular  firing. 

(5)  Sudden  opening  of  stop  valve. 

The  first,  or  insufficient  boiler  power,  is  the  most 
common  cause  of  priming.    The  only  remedy  is  to  in 
crease  the  boiler  capacity  of  the  plant,  or  decrease  tl: 
amount  ©I  work  required  of  the  boiler, 

When  the  water  surface  of  the  boiler  is  too  small, 
the  steam  escapes  from  the  water  with  difficulty,  and. 
on  account  Of  its  velocity,  carries  with  it  small  particle 
1  if  water  which  combine  with  the  condensed  steam  in 
the  pipes  and  are  carried  over  into  the  cylinder  of  tl: 
engine. 

Water    being    practically    incompressible,    when 
more  than  fills  the  clearance  space  between   the  pis 
and  the  cylinder  head,  a  broken  head,  or  other 
to  the  engine  is  the  result. 
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By  the  ase  of  a  separator,  the  entrained  water  which 

arried  over  from  the  boiler  can  be  prevented  to  a 

extent  from  reaching  the  engine,  but  there  is  al- 

danger  of  "flooding,"  or  the  separator  not  being 

ly  drained. 

It  is  evident  that  the  use  of  a  separator  cannot  stop 

atae  of  priming,  but  only  can  prevent  it  to  a  con- 

ile  extent 
Priming  can  be  partially  remedied  by  carrying  the 
low  in  the  boiler,  but  this  not  only  decreases  the 
of  the  boiler,  but  may  also  cause  a  burnt  tube 
Pbte. 

Foaming. — Unlike  priming,  foaming  is  due  entirely 
*  the  condition  of  the  water.  The  water  in  a  boiler 
♦>«>  not  lift  in  foaming,  as  it  does  in  priming,  but  simply 
ton*  over,  due  to  the  dirt  or  grease  contained  in  it. 

While  foaming  and  priming  conic  from  entirely  dif- 
Bmt  causes,  the  resulting  damages  are  usually  the 
nine. 

Foaming  can  best  be  remedied  by  using  the  surface 
■bwhuT.  If  there  is  no  surface  blow-off,  the  bottom 
tow-off  should  then  be  used. 

The  only  effective  remedy  is  the  use  of  pure  water. 

In  Tabic  No.  17  is  given  the  analysis  of  the  water 
"of  in  different  cities,  showing  their  scale-forming  in- 
Ptdients. 

'ATER,  ITS  IMPURITIES  AND  TREATMENT. 

Properties. — Water  is  composed,  by  volume,  of  oxy- 
P0 1  part,  hydrogen  2  parts;  or,  by  weight,  88.0.  parts 
*Jpn,  11. 1  parts  hydrogen.  It  is  slightly  compressible 
rate  of  1/100  of  an  inch  in  18.10  feet  by  each  15 
to*As  per  square  inch  pressure.  It  has  a  greater  solvent 
T  than  any  other  known  liquid,  and  it  is  due  to  i' 
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absorbent  power  that  it  is  rarely  found  >  free  from 

foreign   substances   in   solution.     Like  other   liquids,  il 
transmits  pressure  equally  in  all  directions,   umi 
ami   without   loss  of  power.     A  standard   United 

gallon  of  fresh  water  weighs  8  1/3  pounds  and  contain! 
231  cubic  Inches.    A  cubic  toot  weighs  '■>■■'     pounds:!: 

its  greatest  density  (3<>2  degrees  Fahrenheit),  and  COS' 
tains  1.728  cubic  inches,  or  about  y'/i  gallons.  Under 
atmospheric  pressure  it  boils  at  21a  degrees  Fahrenheit 

anil    ficiv.es    ai    3_'   d'  ■  ahrenheit.     When    cvapor- 

ated  into  steam  or  frozen  into  ice,  water  gives  up  nearly 
all  it  contains  in  solution,  so  that  Bteam  and  ice  arc  prac- 
tically pure.  One  cubic  foot  of  water  expanded  into 
steam,  becomes  1,646  cubic  feel  at  atmospheric  pressure 

Impurities. — Water   can    be   freed   from   substances 

held  in  mechanical  suspension  by  filtration,  but  the  tiltei 

not  remove  those  chemically  combined  with  it.     Il 

is  therefore  apparent  that  watei  ma]  be  clear  and  palat- 
able tO  the  taste,  as  most  spring  waters  are,  and  at  tht- 

same   time  contain    mineral   impurities   very   detrimen 
for  steam  purposes.     To  find  the  pressure  in  pounds  per 
square  inch  of  a  column  of  water,  multiply  the  height 
feel    by  .434.     Approximately    every    fool    of  elevation  i 
equal  to  one  half  pound   pressure   per  square  inch.  Th 
allows  for  ordinary  friction.     The  mean  pressure  of  th 
atmosphere    is    usually    estimated    at    14.7    pounds    po 
iquar<  inch,  so  that  with  a  perfect  vacuum  it  will  sustain 
a  column  of  mercury  2'>m  inches,  or  a  column  of  watc 
t.Vo  feet  high. 

All  water  used  for  boiler  purposes,  unless  it  is  rail 
water  collected  from  roofs,  or  distilled  water,  eontai 
more  or  less  scale-forming  material  in  solution. 
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ANALYSIS  OF  ST.  LOUIS  WATER. 
Made  January.  1906. 

and   Volatile 2.572  Grs.  Per.  U.  S.  Gallon. 

Chloride 810  Grs.  Per.  U.  S.  Gallon. 

Sulphate   466  Grs.  Per.  U.  S.  Gallon. 

Sulphate  4.139  Gn.  Per.  U.  S.  Gallon. 

am   Carbon.v  <  1.924  Grs.  Per.  U.  S.  Gallon, 

am    Sulphate  a  trace. 



ilids   9.91 1  firs.  Per.  U.  S.  Gallon. 

rbonic  Acid ••749  Grs.  Per.  U.  S.  Gallon. 

water  will  Rive  a  very  hard  scale  of  Calcium 
and   Magnesia.     It   will  become  corrosive  on 

SIS  OF  SCALE  FROM  ST.  LOUIS  WATER. 
Made  January.  1906. 

and  Volatile 5.0  per  cent. 

Carbonate  32.7  per  cent. 

Sulphate  46.5  per  cent. 

14.3  per  cent. 

ide  and  Alumina 1.5  per  cent 

1  a  trace. 

iical  Characteristics. — 
kness,  '  j-mch,  614  m.m. 
Incss.  very  hard. 
rtun  [line  and  amorpb 

:tions  for  the  Use  of  the  Standard  National  Boiler 
id. — As  a  first  application  use  20  pounds  of 
rl  to  each  100  H.  P.  I  Mil,  r.  This  quantity  must 
ppUed  whenever  and  immediately  after  a  boiler 
1  out  and  filled  up  with  fresh  water. 
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An  additional  )i  pounds  per  100  H.  P.  must  be 
solved  everj  clay  and  pumped  into  tin'  boiler. 

Dissolve  the  compound  In  about  ten  times  the  ijj 
my  <>f  hot  water. 

Opejl  the  blow-oil  every  10  hours  for  an  instant 

Clean  and  thoroughly  wash  out  each  boiler 

days,   unless   water   is    very   bad,   then   every  two 
until  nearly  all  old  scale  lias  been  removed,  then 
boilers  every  30  days. 

Inspection  and  Laws  Governing  Same. — The 
sponsibility  for  the  proper  inspection  "f  ; « 1 1  boilers 
attachments  rests  upon  the  engineei  in  charge,  it  t 
one  of  Ins  most  important  duties. 

He  should  know  best  the  condition  of  all  appal 
in  the  plant  of  which  he  is  the  engineer,  and  espec 
of  the  boiler  as  it  is  under  his  constant  observation. 

It   is   tin-   <lnt\    of  the   encin.tr   or   tiivman    to   at 
re,   edy  any  defccl    which   may   appear  in  a  boiler  ■  >r 
attachments,  and  if  this  cannot  be  done  to  report  i 
In-  employer,  and  if  it  is  deemed  necessary  by  him 
safety,  to   shut  down  the   plant. 

!ln    public  safety  can  alone  lie  secured  b 
ers  and  their  alia.  Iiiikiii.-  being  placed  in  charge  of 
petent    engineers   ami    tiicnnn.    whose-   COmpctcnCJ 

been  ascertained  and  properly  certified  by  propcj^ 

cials.     This  is   especially    true  since  the   into  .ducti 
compound  engines,  with  the  high  boiler  pressure  0 
sary  for  their  operation,  together  with  the  man; 
requirements   of    the   modern    steam    plant. 

iv   part   of  a   boiler,  both   external   and   int 
should  be  careful!)    examined  and  tested  al 
every  year  by  conscientious  and  competent  • 

Tests. — There  are  two  principal  ways  of  inspec 
B   boiler,   viz.:  by    the   hammer   test,   and   by   the   h; 
static  test. 


STATU'NAKY 


Hammer  Test. — In    Ihl  I    a    boiler,    i 

■•■■'.    ■.:  all    which   all    the   plates,  stays  and 
k,   and   ill.  it    soundness   thereby   dctcr- 
v.  In  11    struck    g 
ar  belt-like   ring    while   those  defective  gi 

Mil 

W  sound  from  a  loose  01  brolu  it  quite  dif- 

tliat  of  a  taut  one   in    Rood  condition,  and 
in  be  distinguish- 
Hydrostatic  Test. — To  ins|  eel    i  I     iler  by  this  test. 
II  tin-  boiler  full  of  water,  and  apply  a 
pump,  which  pressure  should  be 
ban  the  working  pressure  d<  sired  ti- 
the boiler. 

■t    reveal   weak  places   in 
er.it  will  show  ;ill  leaks  in  the  boiler  and  fittings, 
•21  11:  boilei  to  safely  carry  the  pressure 

Ion  it  when  pi 

bjections  and    Precautions. —  in    using   the   hydro- 
•■  straining  the  plates  beyond 
mid  an  excess  of  prcssun    be  placed 
rmancntly   injuring  same 
-•.■.!;..  thatonlj  Hi    pressure  required 
upon  the  bo 
»in.  all  air  must  be  to  escape  from  the 

whi!  icing  filled,  .1-  should  the  boiler  burst 

it  would  can  ••■    the    pieces    to  be 
with  great  force, 
v  hammer  test  is  generally  preferred  for  old  boil- 
lydrostatic  test  for  new  I  insure 

both    i.  •  ild    i  i     applii  'I    win  in  ver    it    is 

uieer  or  inspector, 
ties  and  many  of  the  states  now  have  laws 
ion  of  all  boilers  and  their 
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St.  Louis  Ordinance. — The  ordinances  cnactc 
the  City  of  St.  Louis  prescribing  the  manner  of  in 
tion  of  all  boilers  in  that  city  and  the  enforcemc 
same,  has  long  been  taken  as  a  model  by  different! 
and  cities  throughout  the  country,  though  many  I 
provisions  now  need  revision  in  order  to  make  thei 
plicablc  to  tbe  requirements  for  safety  of  modern  j 
plants.  These  statutes  and  ordinances  arc  in  the 
similar  to  the  following  section  taken  from  the  St.  ' 
ordinance  prescribing  the  manner  of  inspection : 

Manner  of  Insp«ction. — The  manner  of  inspt 
shall  be  substantially  as  follows :  The  owners  of  t 
boilers  and  users  shall  have  the  option  of  takinj 
hammer  test  or  the  hydrostatic  test;  also  of  elt 
whether  the  Inspector  of  r.^lK  i  ;m.|  Klevators  01 
of  the  assistant  inspectors,  mentioned  in  this  ch 
and  employed  and  paid  by  the  insurance  companies. 
make  such  test  If  the  hammer  test  be  asked  foi 
examination  shall  be  thorough  and  searching  upon  1 
part  of  the  boiler,  both  internally  and  externally,  in 
ing  all  nttings  and  attachments.  If  the  hydrostatii 
be  asked  for,  each  boiler  shall  be  tested  by  the  hydl 
pressure  one-fourth  greater  than  the  ordinary  WB 
steam  pressure  used,  and  the  certificate  of  ins|K 
herein  provided  Shall  state  the  maximum  prcssu 
which  any  boiler  may  be  worked.  In  case  a  defect 
be  discovered  in  any  boiler  or  attachment  thereto 
Inspector  of  Boilers  and  Klcvators  shall  report  the 
to  the  owner  or  user  of  said  boiler  or  boilers,  and 
tbe  facts  of  the  case  in  writing,  giving  a  dcscriptl 
lb)  particular  locality  in  which  each  defect  ma 
found,  and  whether  of  a  dangerous  character  and  n 
titating  immediate  repair.  If  the  Inspector  of  B( 
and  Elevators  shall  at  any  time  find  a  boiler  whtc 
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unsafe,  after  inspecting  same,  he  shall 
further  use.    All  boilers  to  be  tested  by  the 
pressure  shall    he   filled    with    water    by    the 
users,  and  all   furnish  the  necessary 

o  work  and  handle  the  pumps  in  apply- 
test.     When   leaks  occur  which  prevent  a  suc- 
icst.  tin  <r  of  Boilers  and  Elevators  shall 

second  test,  upon  receiving  notice  that  all  leaks 
en  repaired.     If,  upon  making  a  second  test,  the 
sr  boilers  arc  still  defective,  he  shall  for  each  sub* 
test,  collect  an  additional  inspection  fee,  but  in 
shall  he  give  a  certificate  until  fully  satisfied  of 
:lcr  or  boilers.     All  certificates  of  in- 
shall    be    for   one   year   and   no    longer.     Any 
i  r  or  boilers  insured  by  any 
»ilcr  inspection  and  insurance  company  duly  au- 
to transact  business  in  the  State  of   Missouri, 
pon  his  request,  have  the  hydrostatic  test  applied 
illy,   without  extra  charge,   by   the   assistant 
m»p> '  such  company,  as  provided   in  this 

paring  Boilers  for  Inspection. — When  an  internal 

ion  of  a  boiler  is  to  be  made  by  an  inspector,  the 

i   be  notified  several   days  in  advance,  so 

may  have  ample  time  in  which  to  prepare  both 

:mI   himself  for  the  work  to  be  done.     The 

usually  designated  by  law,  and  should   not  be 

*n  10  days  in  advance  of  inspection. 

fires  should  be  drawn  and  the  boiler  permitted 

down  ;r  -\\  hours  before  the  time  set  for 

of  the   inspector.     Just  before  the   inspector 

the  boiler,  it  should  he  thoroughly  rinsed  out  with 

cold   water,     The   ash   and   soot  should   he   thor- 

cleaned  away  from  the  prates,  ash  pit  and  com- 
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bustion  chamber,  so  tli.nt  the  inspector  will  hai 
access  to  :ill  pruts  of  the  interior  of  the  boiler  and  K 
tings. 

Tlie  engineet  should  render  every  assistance  in 
power  to  the  inspector,  and,  .'is  a  role,  be  guided  bj 
advise.     The    instructions    of    the    inspector    should   I 
faithfully  carried  out  in  every  detail  for  it  is  an  execpti 
to  find  an  incompetent  or  unworthy  inspector. 

As  the  public  safety  depends  t<>  a  large  extent  "i""1 
a  careful  and  thorough  inspection  "I  a  boiler  and  all  its 
attachments,    only    competent    and    conscientious    m 
should   bfl  employed  for  this   purpose;  and  it   is  to  < 
credit  of   municipalities   and   insurance   companies   th 
they  have  always   maintained   the  highest  standard 
quired  for  this  work,  and  have   rarely,  if  ever,  allow* 
mercenary  motives  to  endanger  the  safety  of  the  public 

Explosions. — While  there  have  been  many  theoriesas 
to  the  cause  of  steam  boiler  explosions,  there  is  but  one 
thing  certain,  and  thai  is  that  an  over  pressure  of  steam 
is  the  direct  cause  of  all  boiler  explosions.  This  over 
pressure  may  be  due  to  any  one  of  many  causes,  but  i' 
is  safe  to  say  that  so  long  as  the  pressure  docs  i 
Ceed  the  strength  of  the  boiler,  that  there  will  be  no 
plosion. 

Causes. — Among  the  reasons  why  a  boiler  is  unab 
to  bear  the  working  pressure  may  be  named:     (11 
fective  design   as  to  the  amount  of  pressure  the  boil 
is  required  to  stand.      (2)    Deterioration,   that  is.  reduc- 
tion of  the  strength  of  the  boiler  from  Corrosion,  incr 
tation   and    wear.     (3)   Defective    workmanship   or   m 
terial.    (4)  Incompetent  attendant 

Defective   Design.— The   boiler   may  be   ins- 
or    improperly     stayed.     The    openings    for    manhol 
domes,  etc.,  may  not  have  been  properly  reinforced,  th 
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From  this  it  can  be  seen  that  an  ordinary  return 
tubular  boiler  under  75  pounds  pressure,  has  stored 
within  it  sufficient  energy  to  blow  it  over  a  mile  into  the 
air. 

To  resist  tins  eoormons  energy  stored  in  boilers, 
with  the  ever  increasing  demand  upon  them,  and  the  de- 
struction that  must  follow  the  sudden  release  of  same, 
more  perfectly  constructed  boilers  and  more  competent 
engineers  in  charge  of  same,  arc  necessary. 

The  responsibility  for  the  preservation  of  the  public 
safety  from  such  explosions,  rests  upon  the  boiler  maker 
and  the  steam  engineer,  and  no  class  of  men   feel  this 
I'onsibility  more,  or  endeavor  to  more  faithfully  dis- 
charge their  duty,  than  the  steam  engineer. 

RULES     FOR    MANAGEMENT    AND    CARE    OF 

STEAM  BOILERS. 
Hartford  Steam  Boiler  Inspection  and  Insurance  Co. 

x.  Condition  of  Water. — The  first  duty  of  an  engi- 
neer, when  he  enters  his  boiler  room  in  the  morning,  is 
i.rt.ti.  by  blowing  out  water  column  or  trying 
gauge  cocks,  how  many  gauges  of  water  there  are  in  his 
Icrs.  Never  start  nor  unbank  the  fires  until  this  is 
done.  Accidents  have  occurred,  and  many  boilers  have 
been  entirely  ruined,  from  neglect  of  this  precaution. 

a.  Low  Water. — In  case  of  low  water,  immediately 
cover  the  fire  with  ashes,  or.  if  no  ashes  are  at  hand,  use 
fresh  coal,  and  close  ash  pit  doors,  and  leave  fire  doors 
open.  If  oil  or  gas  is  used  as  fuel,  shut  off  the  supply 
n  burners.  Don't  turn  on  the  feed  under  any  rir 
cumstanccs,  nor  tamper  with  or  open  the  safety  valve. 
Let  the  steam  outlets  remain  as  they  arc. 

3.  In  Case  of  Foaming. — Close  throttle,  and  keep 
closed  long  enough  to  show  true  level  of  water.     If  that 
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Ii -vi-l  is  sufficiently  high,  feeding  and  blowing  will  usu- 
ally suffice  to  correct  the  evil.  In  case  of  violent  foam- 
ing, caused  li>  dirt)  water,  or  change  from  salt  to  fresh, 
or  vice  versa,  in  addition  to  the  action  above  stated) 
cluck  draft,  and  cover  tires  with  fresh  coal,  or  shut  off 
the  supply  from  burners  where  oil  or  gas  is  used  for 
fuel. 

4.  Leaks. — When  leaks  are  discovered  they  should 
be  repaired  as  soon  as  possible;  if  leaking  occurs  at 
longitudinal  scams,  notify  the  company's  inspector  at 
once. 

5.  Blowing  Off. — ("lean  furnace  and  bridge  wall  of 
all  coal  and  ashes.  Allow  brick  work  to  cool  down  for 
two  hours  at  hast  before  opening  blow.  A  pressure  ex- 
ceeding 20  pound*  should  not  be  allowed  when  boilers 
arc  blown  out,  and  where  practical  to  run  water  out  with- 
out pressure,  the  boilers  should  be  cooled  down  thor- 
oughly before  emptying,  which  will  render  the  washing 
out  of  scale  and  deposit  easier. 

Generally  boilers  should  he  blown  down  two  gauges 
once  or  twice  a  day.  and  entirely  emptied  once  .1  week, 
unless  the  condition  of  feed  water  renders  more  Frequent 
emptying  necessary.  When  surface  blow  cocks  are 
used,  they  should  be  often  opened  for  a  few  moments  at 
a  time. 

6.  Filling  Up  the  Boiler. — After  blowing  down  al- 
low the  boiler  to  become  cool  before  filling  again.  Cold 
water  pumped  into  hot  boilers  is  very  injurious  from 
sudden  contraction. 

7.  Exterior  of  Boiler. — Care  should  be  taken   that 
no  water  conns  in  contacl  with  the  exterior  of  the  boil 
either    from    leaky    joints   or   other    causes.     Particular 
care  should  be  taken  to  keep  sheets  and  parts  of  boilers 
exposed  to  the  fire,  perfectly  clean,  also  all  tubes,  flues 
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Inautctions  well  swept.     Tim  is  particularly  neccs- 
fnkrtt  wood  or  soft  coal  is  used  fol   fuel. 

I    Removing   Deposit  and  Sediment. — To  prevent 

ing  distortion  or  cracking 

and  to  aid   in   the   economical  production  of 

:  internal   surfaces  should   be  kept   free   from 

deposit,  and  the  boiler  should  b«  opened  fre- 

1  for  examination  and  cleaning.    The  condition  of 

iter  <!(■!>  time  tl);it  may  elapse  between 

Safety    Valves. — Safety    valves    should   be    tried 
I  they  arc  liable  to  become  fast  in  their  seats,  and 

ae  intended. 
Safety  Valve  and  Pressure  Gauge. — Should  the 
it  any  turn-  indicate  the  limit  of  pressure  allowed 
sit  thai  thi  valves  are  blow- 

In  case  of  difference  notify  the  company's  in- 

Gauge  Cocks.  Glass  Gauge. — Keep  gauge  cocks 
nl   use.    Glass  gauges  should  not  be 
I  ifl  altogether. 

Blisters. — When  ;i  blister  or  lamination  appears 
elaj  in  having  ii  »\itvfully  examined, 
I  severe,  notify  the  company's  inspector. 

General    Care    of    Boilers    and    Connections. — 

ep  the  gauges,  cocks,  etc., 

and   things   generally   in   and 

ne  ami  lv>iler  mom  in  *  neat  condition. 

Getting    up    Steam. — In    preparing    to    get    up 

liters  have  been   open  or  out  of  service. 

ised   in  making  the   man  and 

["he  boilers  should  be  vented  through 

ocks.  and  water  run  in  until 

eond  gauge.     After  this  is  done,  fuel  may 
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be   placed   upon   the   grate,   dampers   opened,  and 
started.     If  chimney  or  stack  is  cold  and  does  not  d 
properly,  burn  some  oily  waste  or  light  kindlings  at 
base.     Start  fires  in  ample  time  so  it  will  not  be  n 
sary  to  urge   them   unduly.     When   steam   issues 
the  vent,  close  it  and  note  pressure  and  behavior  of  ste 
gauge  while  raising  steam. 

If  oil  or  gas  is  the  fuel  used,  it  is  very  import* 
that  steam  be  raised  slowly;  that  is,  no  faster  than  mK 
be  possible  with  coal  as  fuel.  If  this  precaution  is 
observed,  serious  damage  to  the  boiler  is  liable  to  res* 

Where  a  boiler  is  to  be  cut  in  with  others  alreat 
in  operation,  watch  the  one  recently  fired  up  until  pre 
sure  is  up  to  that  of  the  other  boilers  to  which  it  is 
be  connected ;  and,  when  that  pressure  is  attained, 
bleeder  valves  long  enough  to  thoroughly  drain  all  w; 
from  the  -.team  pipes,  ami  then  open  the  stop  valves  I 
slowly  and  carefully. 

15.  Gas  or  Oil  Fuel. — When  gas  or  oil  is  used 
fuel,  care  should  be  used  in  adjusting  the  burners, 
that  the  flame  cannot  impinge  directly  on  the  hea 
surfai  1  ;  and  the  checker-work,  where  used  in  such 
naces,  should  be  arranged  so  that  it  will  not  concent 
the  flame  upon  the  boiler  surfaces. 

Suitable  peep-holes  should  be  provided  for  onset 
ing  the  fire  surfaces  during  operation  of  the  boiler 

Before  lighting  the  fire,  the  greatest  caution  shoa 
be  observed  to  sec  that  the  drafts  arc  open  for  a  s 
cient  length  of  time  to  remove  the  gas  that  may  ha 
accumulated  in  the  setting.     Never  turn  on  the  fuel 
ply  when  starting  up,  or  after  snapping  out  of  bum* 
without    first    introducing   a    lighted   torch    or    burn 
waste  into  the  furnace.     Disregard  of  these  prccaut 
is  liable  to  result  in  a  serious  accident 
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In  Fig.  85  is  shown  a  bag  or  bulge  in  a  boiler  sheet, 
by  the  plate  becoming  overheated,  from  oil  or 

Me  preventing  the  water  from  coming  in  contact  with 

phte  or  sheet ;  as  oil  is  a  poor  conductor  of  heat 

Id  Fig.  83  is  shown  a  common  type  of  a  crude  oil 
hncr,  and  a  natural  gas  burner,  used  in  boiler  furnaces. 
I  In  Fig.  84  is  shown  the  proper  installation  of  an  oil 
patr  under  a  horizontal  boiler. 

1    The  burners  here  shown  are  the  Branch  burners 
■d  furnace  installation. 

In  Fig.  84 — 1  is  shown  the  proper  installation  of 
■  ofl  burner  under  a  water  tube  boiler. 

In  Fig.  84 — 2  is  shown  two  views  of  the  Branch 
nde  oil  burner. 

In  Fig.  84 — 3  is  shown  a  complete  oil  burning  in- 
nSation. 

In  Fig.  84 — 4  is  shown  a  sectional  view  of  a  natural 
(u  burner. 

In  Fig.  84 — 5  is  shown  the  proper  location  of  gas 
Wratrs  under  a  boiler. 

In  Fig.  84 — 6  is  shown  a  complete  gas  burning  in- 
flation. 


I  II  \  PTER  VIII. 

LEADING  TYPES  OF  BOILERS.  WITH  SPECI 
CATIONS. 

The  Brownell  Vertical  Boiler. — In  Fig  13  is  sh 
one  of  the  beat-known  types  of  a  submerged  tub 
boiler.  The  following  fixtures  arc  usually  sent  with 
vertical  boilers,  the  Beams  being  as  follows: 

Boilers  over  30  inches    in    diameter  have  shell 
tended  8  inches  to  form  ash  pit,  and  have  flat  base  p 

Vertical  seams  double  riveted,  All  boilers  have  hi 
holes  above  flue  sheel  and  at  bottom  of  fire  box  for  clc 
ing  out. 

Fixtures   fin    the  above  boilers  include  base,  grtM 
and  doors. 

Fittings  include    glass    water    gauge,  gauge  co< 
5-inch  steam  gauge  and  siphon,  pop  safety  valve.  ch« 
valve,  stop   Valve  ami   blOWOff  valve. 

The  Kewanee  Fire-Box  Boiler.— In  Fig.  86  is  s 
the  ordinary  locomotive  type  of  a  fire-box  boiler. 
advisable  t"  always  purchase  these  boilers  with 
fronts  and  dry  bottoms,  as  tin   ordinary   casl  iron 
will  so.,11  hum  out.  while  the  corrosion   is  object 
in  water  bottoms.     No  cast  iron  lugs,  flanges  0 
should  be  used,  but  steel  required  throughout 

WICKES  VERTICAL  WATER  TUBE  BOILER. 

Construction. — This  boilci  shown  in  Pig.  S~  con: 
primarily  "f  two  cylinders  joined  together  by  st 
tubes,    which    are    divided    by    a    fire-brick    tile    pas 
through  their  center  into  two  compartments.      The  w 
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is  then  erected  in  a  vertical  position  and  surrounded 
l>rickwork. 

Drum. — The  two   cylinders  arc  duplicates    in 
diameter  ami  general   construction,  but  differ  in  he 
ind  arrangement  of  convcxed  heads.      The  tup  cylin 
designated  hereafter,  from  its  use,  as  the  steam  drum 
the  longer,  the  length  ter  and  thickness  being  y 

icd  in  accordance  with  the  size  of  boiler  desired  and  I 
ii'(|ilii.  RH  Hi-. 

The  bottom  cylinder,  designated  hereafter,  from 
use,  as  the  mud  drum,  is  the  shorter,  and  is  varied  in 
dimension  as  to  diameter,  length  and  thickness  in  acco 
ance  with  the  power  of  boiler  required  and  local  cor 
tions.  Both  drums  are  closed  at  one  end  with  the  b 
sheet  and  at  the  other  end  with  convcxed  heads. 

Tubes. — The  mud  and  steam  drums  are  joined 

i.r  by  the  tubt  i,  Which  are  perfectly  straight  in  th 

selves,  and  plumb  in  on,  when  expanded  into 

two  tube  sheets,     They  are  arranged  in  parallel  ro 
from  furnace  to  stack,  with  a  clear  space  between  r< 
sufficient  to  permit  of  introducing  a  small  hoe  for 
purpose  of  removing  any  deposit  "f  «'»"l  or  of  - 
which  has  fallen  from  the  tubes  and  accumulated  on 
mud  drum. 

Manholes. — In  the  i  d  head  of  the  steam  d 

one  large  manhole  and  a  number  of  hand  holes  arc  pi 
and   in   the  shell  of  the  mini  drum  another  mat 
placed.     This  arrangement  permits  entering  the  I 
the  highest   and   lowest   points  by  simply  breaking 
joints,  from   which  points  a  perfect  examination  ma 
made  or  the  tubes  thoroughly  cleaned 

Tile. — By  the  introduction  of  heavy  fire  brick 
the  tubes  arc  divided  into  two  compartment*.  The  t 
in  the  forward  compartment  are  call<  d  the  "risers. 


TTm  Wlckea  Vertica)  Water  Tube  Boiler. 
rig   87. 
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in  the  ri-.iT  compartment   the  "downcomers,"  since 
heat  -iml  the  water,  mingled  witlt  steam,  ris<  in  the 
ward  tubes,  ainl  both  the  heal  and  the  water,  in  soB 
column,  descend  among  and  in  those  forming  the  rear 
compartment 

Travel  of  Heat. — Tin's  gives  the  heat  two  complete 
sweeps  through  the  entire  length  of  the  boiler  and  the 

nl  sweep  from  above  downward.  The  heat  in  its 
double  passage  surrounds  completely  and  closely  th: 
tubes  in  both  compartments. 

Water  Line. — The  water  line  m  the  boiler  i 
i  tined,  in  the  steam  drum,  at  a  sufficient  height  to  in- 
sure the  complete  submersion  of  tin  tub< 

Baffle  Plate. — <  hi  a  level  with  the  water  line,  and 
extending  over  the  tubes  in  the  front  compartment,  » 
the  baffle  plate,  which  deflects  the  watci  of  cir< 
rising,  commingled  with  its  steam,  dircctlj  to  the  "down- 
comers,"  ami  without  splashing  and  spraying  the  steam 
room  directly  above  with  globules  or  ma     ■     of  water. 

Liberating  Surface. — Fully  two-thirds  of  the  entire 
area  of  steam  drum  is  liberal)  ce,  and,  Bfl  the  lil> 

eration   takes    place    mainly   over  the   "downcomcrs."  i' 
does  so  in  the  quietest  manner  and  in  the  absei 
violent  ebulition  01  turmoil, 

Steam  Room. — The  large  steam  room  is  therefore 
entirely  free  from  water,  and  the  steam  outlet  is  th< 
topmost  point,,  which  is  far  away  from  the  water  lint 
large  boilers  the  distance  being  from  (j  to  7  feet.  On  the 
other  hand,  the  blow  ofl  is  at  th<  verj  I 
where  all  impurities  arc  precipitated  by  gravity  and  by 
separation  due  to  the  flow  of  the  water  of  circulai 

Feed  Water. — The  feed  water  may  be  in  d  in 

the  steam  drum  directly  into  the  "downcomers"  and  fat 
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'ibc  water  line,  or  in  the  mud  drum  above  the  pre- 

Setung. — The  setting  of  the  boiler,  which  ;•-  of  brick 
;i  is  entire!)   indi  pendent  of 
and  pand  and  contract  as  its  co- 

rn ma  am!  allow  the  boiler  to  expand  and 

with  I  hi  il  laws  governing 

iA»nj:«-  of  form 

:.<i  to  the  tubes  the  ■.■ 

n  in  and  leaving  the 

in.  ipondingly  absent  arc  the  large 

Hsion  chambers   usually   found   in   boiler   settings. 

Plow  of  Heat. — The  direct  flow  of  the  heat  is,  by 

the  tile  ami  down  by  the  shortest 

ath  of  li-.i  :  lance :  while  heat 

naturally   and    surrounds   the   steam 

thereby  first  drying  and  finally 

the  steam   where  it   leaves   the  boiler. 

Dwiper. —  \  fttngli  damper  is  placed 

ig  at  the  point  of  exit  <>f  the  gases.     It  is  so 

the  quick  and  easy  removal  "f  the 

on. 

tion. — The   foundation    is   so    designed   that 

or  through   thi    circular  brickwork  a 

<an  n  :  erneath  the  boiler,  examine  or  adjust 

•   thai   the  botti  mi  of  tin 
ivily  painted. 
'■mace.— The    furnace   designed  for  this  boiler  is 

is  built  entirely  of  brick- 

irnai  c    are   made  h< 

u-    brick,    which    are    laid    "headers" 

The  arch  over  the  furnace  is 

I. nek.     Tin    weight  of  the  set- 

1   from  the  arch  of  the  furnace  by   the  1 
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beams  shown,  and  these  beams  are  arranged  in  box 
so  placed  as  to  permit  a  constant  flow  of  air  bet 

them,  thereby  preventing  their  rise  in   t.  mp'-ratun 
consequent  expansion. 

THE  HEINE  SAFETY  WATER  TUBE  BOH 


Construction. — This   boiler  as  shown 
composed  of  lap-welded  wrought  iron  till 
between  and  connecting  the  inside  faces 
legs"   which   form   the   end   connections   between 
lulu--  ;iiic|  ,-i  i-<mihined  steam  and  water  drum 
placed  above  and  parallel  with  them.    (Bo 
horse  power  have  two  such  shells.)     These  end  | 
bcrs  arc  of  approximately  rectangular  shape,  drai 
at  top  to  fit  the  curvature  of  the  shells.     Each  is 
posed  of  a  head  plate  and  a  tube  sheet,  flanged  all  a 
and  joined  at   the  bottom  and  sides  by  a  butt  stt 
same  material,  strongly  riveted  to  both.     The  wate 
are  further  stayed   by  hollow  stay  bolts  of 
tubing,  of  large  diameter,  so  placed  that  i 
[>•  >n   eaeh  tub.-  and  bandhole  and  are  subjected  tC 
very   slight   strain.     P.eing    made   of   heavy   metal 
form  the  strongest    parts  of  the  boiler  and   i 
supports.     The  "water  legs"  are  joined  to  thi 
flanged  and  riveted  joints  and  the  drum  is  cut  avt 
these  two  points  to  make  connection  with  inside  of 
leg,    the    opening    thus    made    being    strengthenc 
bridges  and  special  stays,  so  as  to  preserve  the  or 
strength. 

The  shells  are  cylinders  with  heads  dished  to 
parts  of  a  true  sphere.  The  sphere  is  everywhe 
strong  as  the  circle  seam  of  the  cylinder,  which  i- 
known  to  be  twice  as  strong  as  its  side  seam.     1 


278 


STATIONARY    E.NGINEERI 


fore  these   headfl    require    no  stay--.     Both    the  cylinde 
ami  its  spherical  heads  are  therefore  free  to  follow  their 
natural  lines  of  expansion  when  put  under  pressure    '!'■ 
id.    iioiiom  of  the  front  head  a  flange  is  riveted  inrtj 
which  the  feed  pipe  is  screwed.    Thai  shown  in 

the  CUt  with  angle  valve  and  check  valve  attach) 

On    top    of    shell    near    the    front    etui    is    rivcleil 
steam  nozzle  or  saddle,  to  which   is  bolted  a  Tee 
Tee  carries  the  steam  valve  on  its  branch,  which  is  made 
to  look  either  to  front,  rear,  right  or  left ;  on  its  top  tk 
safety  valve  is  placed.     The  saddle  has  an  area  equal 
that  of  stop  valve  ami  safety  valve  combined.     The  rear 
head  carries  a  blow-off  flange  of  about  same  size  as  th 
feed  flange,  fend  1   manhead  curved  to  fit   the  head, 
manhole  supported  by  ;i  strengthening  ring  outside.     Oil 
each   side  of  the  shell   a  Square   bar.    the  tile-bar.  rest 
loosely  in  flat  hooks  riveted  to  the  shell.     This  !  ; 
ports  the  side  tiles  whose  other  ends  rest  on  the  $id 
walls,  thus  closing  in  the  furnace  or  flue  on  top.    The 
top  of  the  tile  bar  i-  two   mches  below  low  water  line 
I  h<   bars  rise  from  front  to  rear  at  the  rate  of  i  inch  in 
12.      When   the  boiler  is  set.  they   must  Ik-  exactly  level, 
the   whole  boiler   being   then   on   an   incline,   i.   e.,   with 
fall  of  i  inch  in    12  from  Front  to  rear. 

Ii  will  he  noted  that  this  makes  the  height  of  til 
steam  space  in  front  about  two-thirds  the  diante 
the  shell,  while  at  the  rear  the  water  occupies  two-thir 
of  the  shell,  the  whole  contents  of  the  drum  being  equal! 
divided  between  steam  and  water. 

The    tubes    extend    through    the    tube    she* 
which  they  arc  expanded  with  roller  ex]  ;  of 

site  the  end  of  each   and   in   tin-  hc.nl   plates   is  p| 
handhole   <>f   slightly   larger   diameter   than    the   tube  ar 
through  which    it  can  be   withdrawn.     These  handholi 
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mall  oast  iron  handhole  plates,  which  can 

d  in  a  fa  ndfl  to  inspect  or  clean  a  tube. 

handhole  plat< !  marked 

lis  c»t  can  l>c  seen  the  jn>sition  of  these  hand- 

-.   which  arc  held  in  place  by  a  yoke  or  crab 

in  support  the  bolt  and  nut     The  plates 

h  a  shoulder  in  which  is  placed  the  gasket. 

soring  :i  tight  joint. 

of   the   shell   is   located    the  mud  drum  I), 

II  below   the  ureter  line  usuall)   paralleled  to 

hes  above  the  bol  the  shell.     It  is  thus 

y  immersed  in  the  hottest  water  in  the  boiler. 

val   section   slightly   smaller   than   the   manhole. 

Ig  sheet  iron   with  cast    iron  heads.     It  is 

except  about    18  inches  of  its  upper 

the  forward  end,  which  is  cut  away  nearly 

>  the  water  line,     It--  action   will  be  explained 

in   feed  pipe  F  enters  it  through  a  loose  joint  in 

blow-off  pipe  X  is  screwed  tightly  into  its  rear 

tight  joint  through  the  rear 

ell,     Just  under  the  steam  nozzle  is  placed 

Iry  pipe  A.     A  deflection  plate  L  extends 

if  the  shell,  inclined  upwards,    to 

ace  beyond  the  mouth  or  throat  of  the  front 

It  will  1"   ii  ted  that  the  throat  of  each  wat<  i 

e  enough  t"  be  the  practical  equivalent  of  the 

area,  and  that  just  where  it  joins  tin    shell  it 

,ill\    in   width  by  double  the  radius  of  the 

uon    and    Walling    In. —  In    setting    the  boiler 
Iron!    watei    leg  firmly  on   a   set   of  strong  cast 

tin  r    1>\     the    door 

ti  .,    and    foi  ming    the    fire    front. 

rear    water    leg    rests    on 

ice  to  move  on  cast  iron  plates  firmly 
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set  in    the   masonry    of    the    low   and   solid    rear    wa 
Wherever  the  brickwork  closes  in   to  the  boiler  bro 
joints  are  left  which  are  filled  in  with  tow  or  waste 
uratcd  with  fireclay,  or  other  refractory  but  pliable 
tcrial.     Thus  the  boiler  and  its  walls  are  each  free 
move  separately  during  expansion  or  contraction,  wit! 
out  loosening  any  joints  in  the  masonry.     On  the  lowc 
and  between  the  upper  tubes,  are  placed  light  fire  brie 
tiles.     The  lower  tier  extends  from  the  front  water 
to  within  a  few  feet  of  the  rear  one,  leaving  there 
upward  passage  across  the  rear  ends  of  the  tubes  for 
flame,  etc.     The  upper  tier  closes  in  to  the  rear  wat 
leg  and   extends   forward   to  within   a   few   feet 
front   one.   thus   leaving   the   opening  for   the   gases 
front     The  side  tiles  extend  from  side  walls  to  tile 
and  close  up  to  the  front  water  leg  and  front  wall, 
leave  open  the  final  uptake  for  the  waste  gases  over 
back   part   of   the    shell,   which    is   here   covered  at 
water  line  with  a  row  lock  of  fire  brick  resting  on  the  i 
bars.     The  -rear  wall  of  the  setting  and  one  parallel 
it  arched  over  the  shell  a  few  feet  forward  form  the 
takes.     On  these  and  the  rear  portion  of  the  side  wa 
is  placed  a  light  sheet-iron  bond,  from  which  the  brc 
ing  leads  to  the  chimney.     When  an  iron  stack  is  us 
this  hood  is  stiffened  by  L  and  T  irons  so  that  it 
comes  a  truss  carrying  the  weight  of  such  stack  and 
tributing  it  to  the  side  walls. 

Bridge  WalL — The  bridge  wall  is  hollow  and 
small  slotted  openings  in  rear  to  deliver  hot  air  into 
half-consumed  gases  which  roll  over  the  bridge  wall  in 
the  combustion  chamber.     It  receives  its  air  from 
ncls  in  the  hollow  side  walls   (controlled  by  small 
iron  slides),  through  a  cross  flue  at  the  rear  end  ar 
number  of  small  flues  under  the  floor  of  the  combus 
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shown  in  tlie  cm.     In  the  rear  wall  of  the 
n  I  trched  opening,  closed  by  a 

door,   which  in  turn  is  shielded  by  ;i  ilry  fire 
I    easily    removable.    Fi>r    special    fuels,    for 
even  lion,  etc.,  there  arc  now  to  he  had  various 
urnaccs.  automatic  stokers,  rocking  grate  bars, 

lation. — The  circulation,  at  first  slow,  increases 

as   soon   as  steam  begins  to  form.     Then   the 

which   the   mingled   current   of   steam   and 

in  the  forward  water  leg  will  depend  on  the 

in    weight  of   this  mixture,  and  the  solid  and 

er   falling  down   the   rear   water   leg. 

mum  velocity  will  be  reached  when  the  mix- 

ut  half  steam  and  half  water.     As  the  area  of 

of  the  water  leg  is  practically  equivalent  to 

gate  tube  area   (offsetting  the  greater  amount 

he  tubes  against  the  reduced  urea  of 

,   there  will   he  nothing  to   interfere  with   the 

of  gravity  and  the  full  speed  will  be  main- 

afi  steam  is  being  made-     This  circulation 

">rne  in  mind.     It  is  forward  through  the 

*-ard   through  the  front  water  leg,  to  the  rear 

11,  and  down  through  the  rear  water  leg.     At 

rd  throat  of  the  shell  the  channel  slightly  en- 

n  of  two  outward  flanges  of  the  water  leg. 

late   L  assists   in   directing  the  eircula- 

e  water  to  the  rear.     Thus  the  steam  hubbies 

wards  the  rear,  throwing  the  spray  in 

%  away  from  the  flow  of  steam,     It  also  has 

•;  increasing  the  liberating  surface.     For  each 

this  movl  ice  of  water,  as  it  is  deliver- 

ol  steam,  sweeps  rapidly  to  the  rear,  mak- 


282 


STATIONARY    KKC.IKKRRI NC. 


ing  room  for  the  next  section,  thus  constantly  prest 
ing  a  fresh  surface  for  this  work. 

The   shallowness  of  the   water  at  the  front  of 
shell  makes  it  easier  for  the  steam  to  pass  through;! 
depth  at  the  rear  ensures  a  solid  body  of  water  for 
plenishing  the  rear  water  leg  and  tubes.       The  height  I 

the  steam  space  in  fronl  removes  the  nozzle  fa:  oat 

reach  of  any  spray;  the  deflection  plate  catches  and 
fleets  any  sudden  spurt,  while  finally  the  dry  pan  or  > 
pipe  draws  the  steam  from  a  large  area,  from  three  sid 
thus  preventing  any  local  disturbance. 

The  action   of  the  mud  drum   is   as  follows: 
feed   water  enters  it  through  the  pipe  I7  about 
above  its  bottom ;  even  if  it  has  previously  passed 
best  heaters  it  is  colder  than   the  water  in   the  boil 
Hence  it  drops  to  the  bottom,  and,  impelled  bj  the 
or   injector,   passes   at   a   greatly   reduced  speed   to 
rear  of  the  mini  drum.     As  it  is  gradually  heated  to  i 
boiler  temperature  it  rises  and  flows  slowly  in  reve* 
direction   Co  the  open   front  of  the   mud   drum; 
passes  over  in  a  thin  sheet  and   is   immediate'.' 
backward  into  the  main  body  of  water  by  the  swift 
culation.  thus  becoming  thoroughly  mixed  with  it  befq 
it  reaches  the  tubes.     During  this  process  the  uuul.  Ik 
salts  and  other  precipitates  are  deposited   as  a 
Semi-fluid  "sludge"  near  the  rear  end  of  the  mud  <lr 
whence  it  is  blown  off  at  frequent  intervals  through 
Mow-off  valve. 

Cleaning. — This    explanation   of   the   ac 
mud   drum  shows  how  the  inside  of  the  tubes  may 
kept  clean.     To  keep  the  outside  clear  of  soot  and 
which  deposit  on,  and  sometimes  even   bake  fast  to 
tubes,  each  boiler  is  provided  with  two  special  nozi 
with   both  side  and   front  outlets,  a   short  one   for 
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rear,  a  long  one  for  the  front.     They  arc  of  %-inch  gas 
pip*  and  each  is  supplied  with  steam  by  a  Ji-ineh  steam 
hose.     The  nozzle  is  passed  through  each  stay  bolt   in 
turn,  and  thus  delivers   its  side  jets  on  the  three  or  four 
lubes  adjacent,  with  the  full  force  of  the  steam,  at  the 
rt  range  of  two  inches,  knocking  the  soot  and  ashes 
off  completely,  while  tin-  end  jet  carries  (hem  into  the 
main   draft    current    to    lodge   at    points    in    breeching   or 
baM  convenient   fof  their  ultimate  removal.   An 
m  of  the  cuts  will  show  that  the  stay  bolts  arc 
ated   that   the   nozzle   can    in   turn    be  brought   to 
bear  on  all  sides  of  the  tubes.  ion  as  the  nozzle  is 

withdrawn  from  the  stay  bolt,  this  is  closed  air-tight  by 
:>lain  wooden  plug. 
In  cleaning  a  boilei    it   is  only  necessary  to  remove 
»ery  fourth  or  fifth  handhole  plate  in  the  front  water 
Itg;  the  water  boa  with  a  short  nozzle,  can 

be  entered  in  all  the  adjacent  tubes,     wing  to  the  ample 
ncnsions  of  the  water  leg.     In  the  rear  water  leg  only 
or  two  handholcs  in   the  lower  row  need  be  Opened 
let    the   water   and  debris   escape.     A   lamp  or   can<ll<- 
•a  a  wire  through  the  manhcad  may  be  hcM  oppo 
ii  tube  so  that  it  cm  be  perfectly  inspected  from 
he  front.     Once  01  r,  where  the  water  is  very 

scale  bearing,  it  may  be  advisable  to  take  off  all  the 
handhole  plates  of  the  front  water  leg  and  pass  a  scrapi  I 
through  all  the   tubes  in  n.     The  ashes   which 

combustion  chamber  an   removed  through 
the  ash  pit  door  in  the  rear  wall,  never  allowing  it  to 
•    more  than  one-third   full. 
The  Cook  Water  Tube  Boiler. — I  n  Fig.  80  is  shown 
construction  of  this  boiler,  which  is  extremely  simple, 
ntiallv  of  two  steel  cylinders,  connected  to- 
other by  a  large  number  of  4-inch    lap   welded    boilei 
10 


The  Cook  Water  Tube  Boiler. 
V\s.  IK. 
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andcd  into  the  end  of  the 


THE    CAHALL     VERTICAL     WATER    TUBE 
BOILER. 

C«iitruction.—  Imwn  in  Fig.  90.  con- 

ibove  Ihc  other,  made 

hearth    flange   steel,   and    connected 

4-incli  la;  I  best  charcoal  iron  tubes     These 

are  perfect!)  straight  throughout  their 

landed  into  the  drums  at  each 


The  tip  Iruin  lias  an  opening  through 

■    gases.     These  Rases,  al- 

I    in   .1  iv    temperature    in    passing 

if  the  boiler,  will  im- 

thcir   rel  uroUts   heat   to  the    metal 

igh  '.Ins  upper  drum,  thereby 

erhcat  the  steam   in  •.lie  chamber 

upper  drum   in  about   -> 

niii.  the  drum  itself  being 

lit;  a  space  of 

In     water    and    the    point 

n  off  from  '!n    boilers,  which 

with    the    steam, 

11  1 1 11  hi  or  mechanical  en- 

ilating    pipe    comes    out    from    the 

im,  just  below  the  water  level,  and  is 

anl.    outside    the    brickwork,    to    a    point 

of  the   lower  drum,  where  it 

Mi''    I'm::    no  steam    whatever   in 

ml    in.  possibility  of  mak- 
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ing  my,  ind  there  being,  in   the   tubes  connecting 

two  drums,  steam  in  greater  or  less  proportions,  the 
suit  is   (the  volume  in  the  external   pipe  having  a  cc 
siderably  greater   specific  gravity   than   the   mixture 
steam  and  water  in  the  tubes)  B  Vtry  rapid,  positive  C 
dilation  in  one  direction  :  the   water  in  the  tubes  c« 
necting  the  drums  ascending  to  the  steam  drum,  dcliv « 
tin's  mixture  of  water  and  steam  there,  whereupon 
steam  separates  from  the  water,  and  after  traveling  1 
space  of  5  feet  from  the  water  level  to  the  top  of 
drum,  escapes,  and  the  water  which  is  left  behind  ent 
the  circulating  pipe  and   is   carried   down    to   the  in 
drum  and  again  arises  with  its  mixture  of  steam. 

The  boiler  rests  upon  four  iron  brackets  riveted 
lower,  or  mud  drum,  supported  upon  four  piers  ..i 
foundation,  the  entire  StTttCtUTC  Standing  without  i 
tact  with  the  brickwork,  allowing  the  boiler  freedom 
expansion  without  in  any  way  straining  the  brick 
In  all  places  where  pipe  connections  are  made  to 
boilers  through  the  walls,  they  are  encased  in  i  \j 
sion  boxes. 

Owing  to  the  fact  that  the  gases  escape  through 
central  opening  in  the  upper  drum,  the  upper  tube  s 
has  a  circular  opening   in   its  center,  leaving   ;i 
open  space  between  the  tubes,  which  gradually  narrc 
to  the  bottom  tube  sheet.     Advantage  is  taken  ..f 
space,  which  is  in  the  form  of  an  inverted  cone, 
troducc  deflecting  plates,  which  in  connection  with 
responding  baffles  or  offsets   in   the  brick   casing 
the  gases  to  be  alternately  thrown  out  and  in  throng!"! 
the   whole   heating  surface,   which   extracts   from   t 
gases  their  heat,  until  they  come  to  very  nearly  the 
perature  of  the  water  contained  in  the  boiler. 


•leal  Water  Tulw  Boiler. 
Fig.  90. 
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THE    BABCOCK 


AND    WILCOX 
BOILER. 


WATER    TUBE 


Constiuction. —  This  boiler  as  shown  in  Fig.  01  *• 
ounposcd  of  lap-welded  wrought  iron  tubes,  placed  in  an 
inclined    position    and    cum  each    Other,  an<J 

with  a  horizontal  steam  and  watt  r  drum,  by  vertical  pas- 
sages at  each  end.  while  a  mud  drum  is  connected  to  the 
rear  and  lowest  point  in  the  boiler. 

The  end   connections  are  in   one  1  :h  vet 

tical  row  of  tubes,  and  are  of  su<  Rial  the  lubes 

are  "staggered"  (or  so  placed  thai  eai  omes  ■'•■" 

the  spaces  in  the  previous  row).  The  links  are  accurate!) 
sized,  made  tapering,  and  the  tubes  fixed  therein  by  M 
expander.     The  sections  thus  I  I  with 

the  drum,  and   with  the  mud  drum  also   I  >   tubes 

expanded   into  bored   holes,   doing   away   with  all 
and    leaving   a    clear    | 

parts.  The  openings  for  cleaning  opposite  the  end  0! 
each  tube  arc  closed  by  handhole  plates,  the  joints  ol 
which  are  made  in  the  most  thorough  manner,  bj 
my  the  surfaces  to  accurate  metallic  contact,  and  arc 
held  in  place  by  wrought  iron  forged  damps  and  bolt* 
They  arc  tested  and  made  tight  under  a  hydrostatic  pres- 
sure of  300  pound-,  per  square  inch,  iron  to  iron,  and 
without  rubber  packing,  or  other  perishable  substances 

The  steam  anrl  water  drum--  are  made  of  flange  iron 
or  steel,  of  extra  thickness,  and  double  riveted.  TlK 
mud  drums  arc  of  cast  iron,  as  the  best  material  to  with- 
stand  corrosion,  and  arc  provided  with  ample  means  for 
cleaning 

Erection. — In  erecting  this  boiler,  it  is  suspended  en 
tirely  independent  of  the  brickwork,  from  wrought  iron 
girders  resting  on  iron  columns,  This  avoids  any  strutt- 
ing of  the  boiler  from  unequal  expansion   Intwecn  it  and 
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its  enclosing  walls,  and  permits  the  brickwork  to  be  re- 
paired or  removed,  if  necessary.  nrithOttl  Ml  any  way  dis- 
turbing the  boiler. 

THE  STIRLING  WATER  TUBE  BOILER. 

The  Stirling  linilcr  (Figs.  15  and  54) 
three  upper  or  steam  drums,  each  connected  by  a  num- 
ber of  tubes  (called  a  "bank")  to  a  lower  or  mud  drum. 
Suitably  disposed  firetile  baffles  between  the  banks  direct 
the  gases  into  their  propei  course.  Shortei  tubes  coo? 
nect  the  steam  spaces  of  all  upper  drums,  also  water 
spaces  of  front  anil  middle  drums.  The  boiler  is  sup- 
ported on  a  structural  steel  frame  work,  around 
is  built  a  brick  setting  whose  only  office  is  to  provide 
furnace  space,  and  serve  as  a  housing  to  confine  the  heat 

The  Drums  vary  from  36  to  54  inches  in  diameter 
.ind  are  made  of  the  brst  open  hearth  reel.    The 

plates  extend  the  entire  distance  between  heads,  hence 
there  are  no  circular  seams.     The   longiti  leal 

which  are  double  or  triple  riveted  according  to  the  wort 
ing  pressure  to  be  carried — are  so  placed  that  tin 
B0(  exposed  to  high  temperature.     The  drum  heads  ar 
hydraulically  dished  10  proper  radius:  each  drum 
vided  with  one  manhole,  and  the  manhole  plate  and  ar 
bars  are  of  wrought  steel,-  four  manhole  plates,  whic 
can  be  removed  in  a  few  minutes,  give  access  t"  the  < -i- 
tire   interior  of   the  boiler,   and   expose   every   tube  end, 
rivet,  and  joint.     The  drum  interiors  arc  perfectly  clear: 
there  are  no  baffles,  stays,  tic  rods,  mud  pipes,  or  ..the 

ructions  in  them. 

The    tubes    are    lap-welded    mild    steel.     They   at 
slightly  curved  at  the  ends  to  permit  then  to  enter  >.\ 
drums  normally  anil   to   provide   for   free  expansi 
the  boiler  when  at  work.     The  tubes  are  expanded  dl 
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reamed    holes   in  tube  sheets  of  the   drums, 
is  visible  and  accessible. 

framework. — As    the   entire    weight  of   boiler 

ed  on  the  steel  framework,  crack- 

ctting  due  to  unequal  settlements  is  obviated, 

•   needed  when  the  brickwork  has  to 


ckin. 


and  Course  of  Gases. — The  baffle  walls  rest 

f)n   the  tubes,  and  guide  the  course  of  the 

front  bank,  down  the  middle  and  up  the 

ntO  stub  intimate  contact 

iler  surface  that  is  «|tiickly  anil  thor- 

actcd  from  them.     The  baffles  are  made  of 

firctile. 

Circulation. — The  path  of  the  circulation   in 

I  he  water  is  fed  into  upper 

ii  the  rear  bank  of  tubes  to  the 

.  thence  up  the  front  bank  to  Forward  steam 

I  during  passage  up  the 

■ill  passes  through  the  uppci  row 

drum,   while  the  solid 

is  tl  owei  cross  tubes  into  middle 

tik  to  lower  drum,  from 

i  bank  to  retrace  its 

'  i:  is  finally  evaporated.     The  steam 

n  the   rear  bank  passes  through  cross  tubes 

er  drum. 

hi  contact  with  the  tubes 

t  at  the  bottom  of  the  front  bank, 

proceed  along  their 

the   breeching.     Obviously    then   the   velocity 

intitv  of  steam  generated  will 

in  the  fronl   hank:  in  the  iv.-u   Lank  there 

iwnward  equal  to  the  quantify  of 

thei    two  bank-. 
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SPECIFICATIONS    FOR    A    20    HORSE    POWEK 
VERTICAL  SUBMERGER  FLUE  BOILER. 

This  boiler  shall  be  built  in  accordance  with  the  fol- 
lowing specifications: 

Dimensions: 

Diameter  of  boiler,  42  inch 
Height  of  l><  inches. 

rht  of  fin  1  inches. 

Numbei  of  tubes, 

icter  ol  tubes,  2  inches. 
Length  of  tubes,  48  inches. 
iu<  h. 
fire  box.  5/16  inch, 
heads,  ;\s   iin  h. 
fhickness  of  cone.  5/16  inch. 
Disc  rivets.    1  1    n    inch. 

)ian.  iles,  )  1   inch. 

Pitch  of  rivets,   1    inch. 
steel  Plates. — All  plates  used  in  the  construction  of 
ic  boiler  shall  !"•  <>f  the  '  n  hearth  steel  having 

tensile  ft  »m  55.000  to  60.000  pounds  per 

|oarc  incl.  an  elongation  of  not  less 

enl  in  a  parallel   test   piece  8  inches   long 
panii       l)j   -i  reduction  in  area  of  not   less  than  50 
lure  a  bending  of  180  degrees  flat  upon 
leif    without    fracture,    both    befon     and    after    being 
rough  t   te  ;i  red  heat  and  quenched. 

The  maker's  name,  brand  and  tensile  strength  to  be 
imped  on  each  .sheet,  and  plainly  visible  for  inspection. 

Fittings. —  This  boiler  is  to  be  equipped  with  a  full 
fixtures  and  fittings,  which  includes  base,  grates, 
e,  steam  gaugi   and  siphon,  gauge 
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cocks,   safety    valve,    check    valve.   Stop    valve,  blown 
valve  and  smoke  stack,      lloiler  to  have  hand  holes  abov 
But  sheet  and  at  bottom  of  fire  box  for  cleaning  out. 

SPECIFICATIONS    FOR    A    25    HORSE    POWER 

LOCOMOTIVE  TYPE  OF  BOILER. 

The  contractor  will  furnish  ;mil  deliver  at 

one  horizontal  portable,  water  front,  open  bottoi 
boiler  of  25  horse  power  capacity  at  too  pounds  working 
pressure  in  accordance  with  these  specific; 

Workmanship. — Thi  material  used  in  the  construe- 
tion  of  this  completed  tpparatus  shall  b<  w  ■■■■  and  un- 
used ;unl  the  best  of  their  respective  kinds  who 
otherwise  specifically  mentioned.  This  boiler  shall  bt 
not  less  than  25  horse  power  and  not  less  than  the  fol- 
lowing dimensions: 

Dimensions : 

Diameter  in  inches,  36  inches. 
Length  of  fire  box.  52  inches. 
Height  of  fire  box,  38  inches. 
Width  of  fire  box,  30  inches. 

No.  of  3-1'neh  tubes,  34. 

Length  of  mhes  in  inches,  96  inches. 

Thickness  of  shell,   '  ,    im  It. 
Thickness  of  outside  of  fire  box,   5/16  inch. 
Thickness  of  fnniaei    plate,  5/16  inch. 
Thickness  of  tube  sheets  and  heads.  }i  inch. 
Size   of  dome,    18  •  !■     in.  bet 

Size  of  safety  valve,  2  inches. 
Size  of  blow-off.  ■.;  inch 

Size  of  check  and  Stop  valve,   I   inch. 
Diameter  of  stack,  18  inches. 


ISRlWNf.. 


•»>.") 


Sttel  Plates. — All  plates  and  heads  used  in  the  con- 
aionof  this  boiler  shall  be  of  the  best  quality  of  open 
i  steel  having  :i  I  001  .S.S.ooo  to 

pounds  pei  square  inch  of  lection,  bo  show  an 
ation  of  not  less  than  3<j  per  cenl  in  a  parallel  teit 
bea  l"iig.  accompanied  by  a  reduction  in  area 
than  50  per  cent,  and  to  endure  bending  180 
upon  itself  without  fracture  both  before  and 
brought  to  a  red  beat  anil  quenched 

maker's  name,  brand  and  tensile  Strength  to  be 

Ion  each  sheet  and  plainly  visible  for  inspection. 

Finings. — This  boiler  is  t.>  be  equipped  with  a  full 

and  fittings  including  injector  and  smoke 

plete,  ready  for  steaming,  also  set  of 

;  tools.    The  contractor  shall  also  furnish  a  certifi- 

of  inspection   from   any  good    insurance  company, 

I  also  f  'or  of  Boilers  and   Elevators 


it«i 


«g  Gear. — This  boiler  shall   be   mounted  on 
pear  with  iron  wheels,  single  and  double  trees 
twigoe   well   built    and   substantially    the   sami 

•■  ing  Mi.  ..     |n  1  -in  .-a i, m  - 

PETRIFICATIONS     FOR     A     HORIZONTAL     RE- 
TURN TUBULAR  BOILER  WITH  DOWN 
DRAFT  FURNACE. 

.   Number  and  Type.— There  will  he  one  boiler  of 

ul  return  tubular  pattern,  66  inches  diameter, 

ket  long.    Thicknei  shell,    )£   inch;   heads,    */* 

built   of  two  plates,  each   forming  a 

ring     Longitudinal  scams  well  removed  from 

id   :i   r.. nimuous   line.     A 

ing    above    tubes    will    be 
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bolted  i"  the  Eronl  end,  i"  be  of  steel    18  inches  lo 
.134  inch  thick  f\...   i.i   I'..  W.  to. 

a.    Dome. — Shell  to  have  steam  dome  as  shown, 
inches  diameter,  36  inches  high;  measured  on  side. 

have    bumped     head.      Material,    Steel,    5-16    inch 

Shell  to  he  well  reinforced  under  dome,  an<l  to 
three  3-inch  openings  through  shell  for  steam  sujj 

and  two   $4 -inch  drain  openings. 

3.  Steel  Plates. — Shells,   heads,  and  domes 
mad)  of  flange  steel,  having  an  ultimate  tensile  --trenj 

of  not   less  than  oo.cxmi  nor  m.ire  than  05,000  poui 
square  inch  elastic  limil  one-hail  tin-  ultimate,  i-l. 
lion    in   8  inches  not    less   than    27  per    cent:   maxintf 
phosphorus.  0.06  per  cent:  maximum  sulphur,  p.04 
cent.      The  material  is  to  stand  bending  double  on 
without  fracture,  both  cold  and  after  being  brought 
flanging   heat  and  quenched   with   water  •■!'  70  cleg 
temperature.     Plate-   to  be  free  from  surface  defec 
homogeneous    and     uniform    quality    and    thickness, 
workmanlike  tinisli.  ami  stamped  with  the  maker's  ni 
and  tensile  strength.     These  stamps  are  to  he  pn 
for  identification,  and  arc  to  be  so  placed  as  to  be 
from  outside  of  boiler.      Edges  of  plates   lo  be  planed 
proper  bevel. 

4.  Riveting  Etc. — Longitudinal  seams  to  be 
riveted    butt  joints  of   at   least  87.5   per   cent    cfl 
with  inner  and  outer  a  traps,     (iirth  -1  1 
gle    riveted.      Vertical   and   base   seams  01 

lap   riveted.      Rivets   to   be   of   i; I    charcoal   iron. 

extra    soft    steel,    of    52.000    t«>    62.000    pounds 
strength  and  38.000  pounds  shearing  strength,  Tti 
in  be  capable  of  bending  doubli  on  themselves, 

fracture,  both  cold  and  after  l><  ing  heated  to  chcrrj 
and  quenched      They  will  have  hcnn  spherical  or  co 
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ds.  and  be  of  sufficient  length  to  make  the  formed 
ds  equal  in  strength  to  the  pressed  heads,  and  must 
the  rivet  holes  completely.  Heads  to  be  concentric 
h  rivets.  Rivet  holes  to  be  punched  3/32-inch  small 
1  then  reamed  out.  Both  before  and  after  sheets  are 
cmbled  the  burrs  and  sharp  edges  of  rivet  holes  are 
be  removed  by  reaming  and  countersinking.  The. 
noper  use  of  the  drift  pin  is  prohibited.  Defective 
rting  must  be  promptly  cut  out  and  satisfactorily  re- 
ced.  The  design  of  seams,  dimensions  of  rivets,  pitch, 
icmg,  and  lap,  as  well  as  other  details  not  specifically 
Kribed  herein,  are  to  be  in  accordance  with  the  best 
pneering  practice. 

5.  Bracing. — Heads  to  be  well  stayed  by  a  suffi- 
at  number  of  McGregor,  Lukens,  or  Huston  crow  foot 
ices,  made  of  single  pieces  of  open  hearth  homo- 
wons  flange  plate,  bent  to  shape  in  one  heat  without 
tH.  and  then  annealed. 

6.  Tubes. — Boiler  tn  have  72  tubes.  3-34-inch  ex- 
Hal  diameter,  18  feet  long,  not  less  than  .12  inches 
■ck  (No.  11  B.  W.  G.),  accurately  and  uniformly 
|iced,  and  neatly  expanded  into  heads.  Copper  fer- 
ks  to  be  used  in  rear  heads.  Tubes  to  be  of  best  soft 
tttl.  lap  welded  or  drawn,  and  ends  annealed  before 
Sting.  The  tube  holes  are  either  to  be  drilled  or 
^Khed  out,  and  then  neatly  reamed.  Corners  to  be 
fcmfered  off,  and  heads  annealed  after  punching  and 
Mm  reaming. 

7.  Working  Pressure. — The  boiler  is  intended  to 
wk  regularly  at  approximately  115  pounds.  With 
kace  attached,  the  boiler  will  be  tested  by  the  con- 
tactor after  erection,  in  the  presence  of  the  engineer, 
■fcr  175  pounds  hydrostatic  pressure,  and  be  made 
Vrt  nnder  same.     All  parts  to  be   proportioned   for  a 


•j.,s 
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EactOT  of  safety  of  not   IfiM  than    five  on   minimum  sec. 
tions. 

8.  Flanges  and   Caulking. — All   flanges   arc    to   be 
turned  at   a  good  red  heat,  to  radii  of  not  less  than 
inches,  and  must  be  free  from  hammer  marks  and  other 
flaws.     All   plates   to   be  annealed  after   flanging.     The 
caulking  is  to  be  done  in  best  manner,  with  round  n 
tools.     All  accessible  seams  to  be  caulked  on  both  si 

9.  Man-Holes. — There  will  be  two  man-holes  in 
each  shell,  10x16  inches  or  11x1,1  inches,  one  in  rear 
head  above  tubes,  or  in  top  of  shell,  and  the  other  in 
front  head  under  tubes.  They  will  be  of  the  Kclipse 
pattern,  or  its  equivalent,  complete  with  grooved  ii 
pressed  steel  arches,  bolts,  nuts,  and  grooved  lead  gas- 
kets. 

10.  Openings. — The    boiler     will    have    one    5-inch 

opening  on  side  of  dome  for  main  steam  outlet;  one  ,: 
inch   for  safety  valve;  two   i'i  inch     for    water    colm 
one    Ijj-inrli    for    feed;    one    2-inch    fur   auxiliary    sti 
service;  one  3-inch  for  gravity  return  and  blow-off. 
5  and  3'_.-in<li  openings   to   have  cast  or  pressed   steel 
nozzles  well  riveted   to  shells,  with  flanges  properly  fin- 
ished, tin-  former  for  a  standard  5-inch  pipe  flange,  and 
the  latter  for  flange  of  safety   valve.     Two  and  3-inch 
openings  to  be  reinforced  by  flanges,  well   riveted   and 

threaded 

xi.     Fittings   and   Fixtures. — Furnish    with    boiler: 

One  3>i-inch  nickel  seated  flanged  pop  safety  valve,  set 
to  blow  at  115  pounds,  one  iJ/2-inch  check  valve,  one 
il/j-inch  stop  valve,  one  2-inch  Homestead  or  equivalent 
blow-off  cock,  connected  to  3-inch  line  by  reducing  T. 
Other  valves  to  be  of  approved  make,  and  all  to  be 
best  composition  .steam  metal.  One  bronze  mom. 
water  column,  not   less   than   4-inch    internal   diameter. 
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ih  1%-incfa  travalved  connection  to  hell,  made  up 
itli  tees,  crosses,  and  plugs,  to  permit  cleaning.    To  be 

•ompk-u-  with  necessary  valves,  guards,  and  throe  try 

Valves  and  cocks  i  rated  from  ll<M>r  level 

1  chains.     One  8-inch   dial,  iC,   Steam   gauge, 

cading  to  200  pounds,  with  syphon  of  approve!   form. 

rain  and  coupling-     Attach    I'.-mch   feed  pipe   16  feet 

long  to  front  head  inside  of  boiler,  with  dhow  looking 
nrnward  at  rear  end,  proper!)   supported.    Front  end 

T  with  "in    i-ii*l  closed  by  brass  plug.      Furnish 

a'il  pipe  ;imi  fittings  necessary,  and  connect  above  named 

and  fittings  '"  boiler.  Provide  Side  and  rear  an- 
gles shown  on  plans  for  brick  work  joints,  and  attach 
Mme  rigidly  to  boilers.  Furnish  additional  angle,  as 
n,  for  rear  arch  support  for  brick  mason,  with  an- 
bolts.  to  go  through  rear  wall. 

12.  Casting.  Etc. — Provide  one  ornamental  full 
ash  front  with  suitable  doors,  opening  to  right  and  left. 
ire  ami  ash  doors  to  In-  fastened    with   independent 

Wilts,    Iwdted   "ii.    ami    In   base    registers         Fire    doOIS    of 

Pickle  "i  cipiivaletii  pattern.  Provide  all  necessary  liners, 
rods,  nuts,  washers,  and  floor  plates. 
Front  to  be  lettered : 


urnish  one  .lean  out  door,  witli  frame,  complete,  with 

register,  "r  peep  hole.     All  doors  to  be  close  fitting  and 

■lit.     Furnish  stack   plan    for  chimney,  with  close 

tting  swing  damper  and  handle,  countcrwcightcd   and 

le  with  chain  and  hook  plate  located  on  front  near 

re  doors.     Furnish   skeleton    arches    f- ir    fin    brick    at 

far-head.      Furnish  two    10  f"..|    wall   binding  barN  with 

hers,   and   nuts    as    required   by    plan 

Castings  to  be  smooth,  close  grained,  sound,  tough,  oi 


true  forms  and  dimensions,  Free  from  blow  hi 

scabs,  and  otlicr  defect-. 

13.  Furnace. —  Provide  boiler  with  an 
form  ol  Mown  draft  furnace  The  front  will  hav 
doors  opening  across  full  width  of  furnace  to  I* 
Pickle,  or  equivalent  pattern.  Upper  gTates  4J4 
long,  to  consist  of  a  single  row  of  a'-i-inch  special 
grade  steel  tubing.  Front  drum  m  inches  diamel 
high  grade  steel  tubing  with  hand-hole;  rear  tin 
inches  diameter,  of  Rre  box  steel,  with  man-hole 
plete  Provide  all  necessarj  1  irculating  pipes,  bloi 
and  valves.  Lower  grate-  5  feel  long,  of  the  or< 
pattern,  with  bearing  plates.     Fittings,  steel. 

14.  Deflectors.. — Front  head  to  be  provided 
hinged  removable  deflecting  dampers  over  upper 
of  tubes,  a-  shown  on  plan.    These  dampers  l 

of  3/i6-inch  steel,  with  extension  at  top  of  each 
supported  in  "/j-inch  holes  in  smoke  box  extensk 
both  sides, 

15.  Smoke  Flue. —  Furnish  and  erect 
Rue,  of  dimensions  and  shape  shown  on  pla 
sheet  steel.  .134-inch  thick  (No.  10  B.  W.  C). 
end  shaped  to  fit  stack  plate,  rear  end  to  fit  entrano 
brick  chimin  v  base.  Provide  suitable  hanger  to  st] 
due  neai  its  center. 

16.  Supports. —  The   boiler   will   be   hung  frorq 
Steel  channels  each    10  inches   deep,   weighing 
than  15  pounds  per  foot,  and  of  full  length, 

steel  columns.  Side  lugs  to  be  of  steel  plate  car 
shaped  and  well  riveted  to  shell,  Bach  lug  to  be  d 
accurately  and  in  line  t<>  receive  the  supporting 
which— with  channels.  link-,  columns,  [dates,  ni 
washers — are  to  be  furnished  by  this  contra, 
tailed  on  plans. 


cl     "tIC    1 
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,   17.    Painting.— The   boiler,   supports,   smoke    flue, 

it  front,  fire,  ash  and  cleaning  doors,  and  other  metallic 

its— except  grates — shall,  after  being  cleaned  and  in- 

Kted,  receive  one  coat  good  black  asphaltum,  before 

pnent,  and  another  after  erection  and  completion. 

18.  Foundation. — To  be  of  dimensions  shown  on 
s.  of  concrete  made  of  approved  Portland  cement, 

one  part  cement  to  three  of  clean  sharp  river  sand, 
worked  up  with  five  parts  clean  crushed  macadam, 
that  will  pass  through  a  ij4-inch  ring,  and  well 
When   dumped  pack  down  thoroughly  with  a 
n  maul,  until  the  water  works  to  the  surface.    Ash 
inder  and  in  front  of  boiler  to  have  good  granitoid 
ig.    Cut  and  repair  present  boiler  room  floor  as 
be  necessary,  including  new  cement  pit  in  front  of 
Wkr,  as  shown  on  plan. 

19.  Brick  Work. — Furnace  walls  to  be  of  hard  red 
carried  up  together,  plumb,  straight,  and  level 
of  selected  smooth  hard  red  brick.     Cover  top  of 

with   brick   on   edge,  well   plastered.     Every  fifth 
headers.     Carry  up  smoke  outlet  ready  to  receive 
plate.     Wall   in  all  necessary  rods,  plates,  doors, 
,ttc.     Joints  to  be  flushed  full,  and  neatly  trowel- 
Mortar  to  be  of  good  sharp  sand  and  fresh  lime, 
burtl  Portland  cement  added  for  every  four  thou- 
brick.     All  walls  to  have  air  spaces.     Cut  and  rc- 
brick  work   in   south   face  of   chimney   to  receive 
flue.     Move   present  clean   out   door  in   base  of 
to  south  face,  with  necessary  brick  work. 

*  Fire  Brick. — All  parts  of  the  furnace  exposed  to 
unc  to  be  lined  with  good  St.  Louis  fire  brick. 
1  in  dry  milled  fire  clay,  and  laid  with  very  thin 
t  Headers  every  fifth  course.     All  brick  in   front 
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faces  of  bridge  walls  to  be  headers.     Use  jamb.  wc< 
other  shaped  brick  wherever  directed. 

21.     Erection. — This  contractor  will  deliver  all 

terial  herein  provided  for  in 

will  erect  same  in  position  ready  for  external  pipe 
nections.     He  will  place  in  permanent  position,  ready 
use,  all  foundations,  brick  work,  fixtures,  fittings, 
belonging   to   the    boiler.     Me    will    take   all    m-ctss] 
measurements  and  verify  all  data  On  the  ground. 

32.     Inspection  and  Insurance. — The  contractor 
furnish  the  purchaser  with  a  Certificate  of  Inspection 
Policy  of  Insurance  for  $500.00  for  one  year,  in 
good  insurance  company.     The  contractor  will  aira( 
for  all  necessary  tests,  inspections,  etc.,  required  by 
ni-uirancc  company,  and    by   the  ordinances  of  the 

of  and  will  deliver  t"  the  purchaj 

without  extra  charge,  certificate  etc., 

thorizing  the  purchaser  to  operate  the  boiler  under 
desired  conditions. 

SPECIFICATIONS    FOR    A    100    HORSE    POW 
WATER  TUBE  BOILER,  INCLUDING  SP 
F1CATIONS  FOR  A  DOWN  DRAFT  FURN 
AND  SMOKE  STACK. 

Number,  Type  and  Size. — There  shall  be  one 
of  the  horizontal  inclined  water  tube   type,  rated  at 
hoi   <    powi  1     the  term  horse  power  being  undent 
mean  30  pounds  of  water  evaporated  per  hour  i: 
water  having  a  temperature  of   too  degrees   I-'ahr 
into  steam  at   70  pounds  gauge  pressure. 

General    Description. — The    boiler    in    all    its 
parts   Is    ti'   be   Composed   of   plate   steel.      It    1 

of  two  water  legs  of  equal  size,  approximately  re 
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ape,  joined  together  by  means  of  a  scries  of  vcr- 

borizontal  staggered   rows  of  tubes,  and  one 

ovulating    steam    and    water    drum...    The. 

and  tubes  are  to  be  irallel  to  each  other. 

water  legs  made  perpendicular  to  both.    When 

erected,  same  musl  incline  towards  the  rear  a 

inch  per  lineal  Foot 

es. — All   plates  used  iti   the  ■  'his 

■  open  h<  artli  homogeneous 

having  a  tensile  strength  of  '0,000  pounds 

re  inch  1  n,  These  j»l-it  •••-  an  to  be  plainly 

with  the  name  of  the  manufacturer,  tin  tensile 

and  the  quality;  said  stamps  to  be  so  located 

easily  visible  after  the  boiler    has    been    com- 

thicknesses  required  for  these  plates  are  given 

»c   various    paragraphs    relating    to    the    specific 

the  boiler  hi  cribed. 

Bb— This     boiler     is     t.i     contain     sixty-one     11".  1 ') 

laving  an  outside  diameter  of  .v'S  inches,  and 
11  li  tube  is  to  be  of  the  best  lap- 
standard  gauge   in  thickness,  and  made 
of  all  tubes  are  to  be  thoroughly  cx- 
nto  the   tube   plates  of  the  water  legs. 

e    from   center  to  center   horizontally  of 

is  to  be  7!4  inches,  and  the  distance  vertically 

I  it   that    between   the   bottom   row 

which  is  to  be  %%  inches,  so  as 

in  of  a  coursi   of  tile  on  top  of 

lioiler   is    to   be    made   eight    rows 

igh. 

tr  Legs.— This    boilci    is   to   be   furnished   with 

J  leg*,  each  consisting  of  a  tube  plate,  and  a 

t  plate  joined  together  by  means  of  a  strap  riv- 
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cted  "around  the  outside  I  h ■-■■  plates  arc  to  be  so 
ranged  as  to  leave  a  clear  space  of  10  inches  bct« 
them  on  the  inside. 

'!  he  hand  hole  plate  of  each  water  leg  is  to  he 
nished  with  B  series  of  oval  hand  holes,  each  mi 
3^6  inches  in  size,  and   furnished   with  a  heavy  CS 
cover  plate  one  arch,  one  holt  and  a  lead   gasket. 
hand  hole  is  located  directly  in  front  of  each  i  nd    il 
tube  so  as  to  permit   easy  access  for  cleaning. 

The  water  leg  plates  are  t<>  be  thoroughly  s 
bolted  together  by  means  of  hollow  stays,  each  hat 
■  minimum  outside  diameter  of  i  9  16  inches  spacx 
'ii^tanic  of  7  ;  inches  center  to  center  horizontaltj 
inches  center  to  center  vertically. 

All  teams  around  the  perimeters  of  llu    water 
are  to  be  furnished  with  single  riveted  lap  joints' 
rivets  spaced  a  distance  of  2  inches  center  to  1 
having  a  diameter,  after  being  driven,  of  13/16  in<  h 
the  throats  where  the  legs  are  attached  to  the  cir 
drums,  double  riveted  lap  joints  arc  used. 

Circulating  Drum. —  This  boiler  to  he  furni-li 
one  drum  for  permitting  the  circulation  of  tb 
from  the  front   water  leg  to  the  rear  watei    I 

affording  a  steam  space  in  the  upper  half     Th 
i    to  have  mi  internal  diameter  of  36  inches,  and 

of   shell   of    i>;    feel    3    inches.     The   head-   <ii    this 
arc  to  he  dished  to  a  radius  equal  to  the  diam<  ti  1 
shell,  and  the  rear  head  is  to  be  furnished  with  . 
hole  of  the  Hercules  pattern  approximately   10x16 
in  size.     At  the  forward  end  of  the  drum  is  ti 
a  baffle  plate  extending   towards  the   rear  a   (lis 
about  6  feet  and  located  directly   underneath  t 
opening,  mi  as  to  prevent  any  entrainment  in  th 
A  sufficient  opening  is  to  be  left  between  the 
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the  baffle  plate  and  the  top  of  the  shell  to  give  an 
.  equal  to  at  least  one  and  one-half  times  the  area  of 
steam  opening.  For  details  of  steam  basket,  .see 
aph  attached  to  back  of  specification,  reading 
Basket 

This  drum  is  to  be  furnished  with  a  cast  steel  tee 
having  an  internal  diameter  of  5  inches,  and  riv- 
to  the  top  of  the  shell,  a  distance  of  24  inches  be- 
the  center  of  the  same  and  the  front  edge  of  the 
plate.  This  tee  is  to  be  furnished  with  a  flanged 
tion  at  the  top  for  the  attachment  of  3^-inch  pop 
valve. 

A  2-inch  feed  pipe  connection  is  to  enter  the  front 

I  of  this  drum  as  near  the  bottom  as  possible,  extend- 

[ towards  the  rear,  and  arranged  to  discharge  directly 

the  opening  leading  to  the  rear  water  leg.     The 

pipe   is   to   discharge  into  an  oval  mud   drum  de- 

in   the   paragraph  entitled   Mud   Drum   and  at- 

I  to  the  back  of  this  specification. 

The  shell  plate  of  this  circulating  drum  is  to  be  cut 

i  at  the  points  where  it  joins  to  the  water  legs ;  this 

ling  to  be   reinforced  by  means  of  two  plate  steel 

:  stays  made  of  J^-inch  flange  steel  thoroughly  riv- 

I  to  the  same. 

All  shell  plates  are  to  have  a  thickness  of  }i  inch, 
lie  heads  a  thickness  of  Yi  inch. 
The  circumferential  seams  are  to  be  furnished  with 
e  riveted  lap  joints,  and  the  longitudinal  seams  with 
t  riveted  lap  joints.    The  details  of  these  joints  are 
1  ■  the  blue  print  hereto  attached. 
*k  Stays. — Six  (6)  buck  stays  are  to  be  furnished 
fa  boiler.     These  buck  stays  are  to  be  of  the  chan- 
<tem  made  in  accordance  with  a  detailed  sket-u  ' 
wished  by  the  tic  f 
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round  iron,  provided  with  all  the  necessary  nu 

and  washers,  and  of  sufficient  length  to  extend  entirely 
across  the  width  of  tin  Betting,  are  tO  be  furnished  witi 
the  buck  stays. 

Trimmings. — This  hoilrr  is  in  hi-  furnished  with  nnr 

J,Yi   inch   nickel   seated   pop  safety   valve   set 

blow  at  no  pounds  per  square  inch,  one  2-inch  fe 
valve,  one  2-inch  check  valve,  two  ij4-inch  asbesto*- 
packed  blow-off  cocks,  one  water  column  fitted  with  tj 
inch  pipe  connections  to  boiler,  three  $4-inch  Pittsbur 
gauge  cocks,  one  ftf-inch  glass  water  gauge  with  bras 
valves  and  guard  rods,  and  one  10-inch  steam  gaug 
with  syphon.  Gauge  cocks  to  be  fitted  with  chain  IM 
handles  of  sufficient  length  so  they  can  be  operated  fro 
floor. 

Castings. — This  boiler  is  to  be   furnished  with  OB 
special  type  water  tube  boiler  from.  .  nt  niultM 

of  cast  iron  grate  bars  for  covering  a  width  of  5j!j 
inches,  and  a  length  of  54  inches,  one  back  grate 
ing  bar,  two  (2)  soot  doors  ami  frames,  one  set  of  back 
wall  supporting  plates,  and  one  set  of  saddles  for 
eating  underneath  the  rear  water  leg. 

Boiler  Support. — The  front  water  leg  is  intended 
be  supported  by  means  of  cast  iron  columns  local 

the  lower  section  of  the  boiler  front,  and  the  rear  watri 
leg  by  means  of  a  low  supporting  wall. 

Tube  Tile. — A  full  sit  of  fire  clay  tube  tile  is  to 
furnished  for  covering  the  top  and  the  bottom  rows 
tubes. 

Tile  Bars. — Two  tile  bars  made  of  lj^-inch  squan 
iron  are  to  be  furnished  for  this  cireulatin  I  lit 

bars  arc  to  be  held  in  place  by  means  of  wrought  ir 
hangers  located   at   intervals  of  four  feet,  and   securely 
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to  the  shell ;  the  purpose  of  the  bars  being  to  Blip* 
tt  the  ends  of  the  tiling,  closing  in  around  the  drum. 
Fire  Tools. — This  boiler  is  to  be  furnished  with  a 
tools,  consisting  of  S-wrench,  one  [4-inch  soot 
i!  10  feet  of  steam  hose   con- 
hlnwer  is  to  lie  furnished  at  the  front 
hi  luck  ends    of    the    boiler,    and    one  3j4-inch  tube 
taper,  with  handle. 
Smoke  Hood. — A  smoke  hood  made  of  No.  8  gauge 
be  furnished  and  located  on  top  <>f  the  boiler. 
hi   approximately  4  feet  in  height,  and  de 
..ccordancc   with   detailed  drawing  to  be  fur- 

The  top  is  to  be  rounded 

with  a  band  riveted  a  distance  <>f  about  4 

m   the  top  edge   for  supporting  32-inch  diam- 

stack.     Hood  to  be  reinforced  by  angle  iron 

II  dooi  located  near  bottom  for  cleaning. 

8  steel  and  furnish  lever  and  chain 

)  from  floor. 

Stack. — One  smoke  stack  is  to  be  furnished 

1  boiler  having  a  diameter  of  32  inches,  and  a 

80   feet.     This   stack    is    to   be    fitted    with    a 

id  riveted  around  outside  edge  at  top,  and 

I  riveted  around  bottom  edge  on  out- 

ill    two    pain!    rings   made   of 

and  about  5  inches  in  length  for  at- 

'K^ing. 

to  be  riveted  to  the  inside  of  this  stack  at 

ef  locations,  two  bands,  each   made  of  No.    10 

d  having  a  width  of  12  inches  for  reinforc- 

ICk  at   the   points  where   the   guy   bolts  arc   to 

Two  sets,  cacli  nig  of  four  eye  bolts  are 

lack  at  the  points  where  these  hands 

attachment    of    />><-im-|i    gal  van 
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strand  guys.     The  eye  bolts  arc  to  be  fitted  with  c 
so  that  the  strand  can  be  fastened  thereto.     Two 
of  black  asphaltum  paint  are  to  be  applied  to  stack:  00 
when  Same  ia  in  shop,  ami  the  other  after  erection. 
casing  made  of  No.  12  sheet  steel  and  of  sufficient  diar 
etcr  to   leave   a   clear  space   of    12   inches   all  around 
smoke  stack  is  to  be  furnished.     This  to  be  of  Sui 
height   to  extend  above   the   roof  a  distance  of  about 
inches.     A   weather   apron    to   be   bolted   around   stack 
having  a  width  of  about    18  inches. 

Testing  and  Inspection. — A  hydrostatic  pressure 
165  pounds  per  square  inch  is  1. .  be  applied  to  this  boite 

before  it  leaves  our  works,  ami  a  certificate  Of  said  te 

together  with  a  policy  of  insurance  for  $500.00  for  a 
var,  issued  by  any  reliable  boiler  insurance  com] 

to  be  furnished. 

Steam  Basket. — A    perforated   basket    i-  to  be  fur 
ntshed  and    located  directly  beneath  the  steam  opening 
;i-  an  additional  precaution  for  obtaining  dry  steam 
is   to  be  provided   with   a  sufficient   number  of 
diameter  holes  to  give  an  area  equal  to  at   I 
that  of  the  steam  opening. 

Mud  Drum. — An  oval  mud  drum  measuring  10  fe 

in  length,  14  inches  in  width.  K'j  inches  in  height,  ami 
made  of  five  sections,  each  about  2  feet  in  length  is 
be  located  mar  the  bottom  of  the  shell  of  the  circulating 
drum.  This  is  to  be  made  of  No.  12  steel,  with  the 
ccption  of  the  back  head,  which  is  to  be  made  of 
inch  steel.  The  back  bead  is  to  be  fitted  with  a  small 
hand  hole   provided  with  the  necessary  pit  !  arch- 

A  1 'j -inch  blow  off  pipe  connection  is  also  '"  be  scrcv 
in  this  back  head  as  close  to  the  botti  possible  an 

extending  out  through  the  head  of  the  circulating  dnflj 
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An  opening  in  the  shell  of  the  mad  drum  is  to  be 
atcd  at  the  (rout  end,  measuring  about  14  inches  in 
dth  by  15  inches  in  length,    The  oval  drum  is  to  be 

petlded  front  thi  o1  the  shell  of  the  circulating 

mm  by  means  of  three  straps,  located  at  equal   inter- 
vals along  the  length  of  the  same. 

Water   Column. — The    wato  in    is   to   be   i 

!  to  the  bottom  of  the  shell  of  the  circulating  drum 
at  the  front  end.  in  accordance  with  a  sketch  to  he  fur- 
nished. 

Down   Draft   Furnace. — One   down   draff    Binakt  : 

fumare  is  t<>  he  attached  t"  the  boiler.    Thia  is  to  con- 
sat  of  a    front   and   a   n ar    manifold    joined    together  by 
means  of  a  single,  rotv  of  extra  heavy  tubes,  each  having 
an    internal    diameter    of    j':-    inches,    and    a    length    as 
measured  between  the  shells  of  the   manifold  of  4  feet. 
These  tubes  arc  to  be  spaced  a  distance  of  5.45  inch  ccn- 
centcr.  thus  making  a  total  of  ten  tubes  to  form 
ate.     The  front  manifold  is  to  be  connected  to  the 
boiler    by    means   of    two    vertical    4-inch    pipes,   one   on 
of  the  furnace,  and  connecting  to  the  bottom 
of  the  front  water  leg  on   the  hack  side  by  means   of 
special  cast  steel  tees.    The  rear  manifold  is  lo  be  con 
netted  to  the  circulating  drum  of  the  boiler  by  means 
of  a  4-inch  pipe  located  on  each  side.     Thia  pipe  is  to 
be  bent:  the  use  of  ells  to  form  the  bend  not  being  per* 
collar  made  of   No,    10  gauge  steel  is  to  be 
furnished  for  the  outside  end  of  the  rear  manifold.       I  hits 
to  have  a  length   of  <i  inches,  and  no  rivets  are 
lo  fie  used  in  the  same.      The  plates  being  merely  rolled 
aize  and  the  edges  butted. 

iff  connections  foi   both  llie  front  and  the 
rear  manifolds  are  to  be    1 '  ..-inch  diameter;  we  furnish- 
cessary  nipples  and  valves,  but  we  do  not  con- 
nect the  same  up  with  the  Mow  off  tank. 
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FORM     OF    SPECIFICATIONS    FOR    A    S> 
WATER  TUBE  BOILER. 

Number,  Type  and  Size. — There  shall  be 
boiler.,  of  the  horizontal  inclined  water  tube  type. 

at horse  power,  the  term  horse  powei 

dcrstood  to  mean  30  pounds  of  water  evaporate 
hour  from  feed-water  having  a  temperature  of  tc 
grees  Fahrenheit  into  steam  at  70  pounds  gang* 
lure 

General    Description. — The    boiler    in    all    its 
parts  to  be  composed  of  plate  steel.     It  is  to  consi 
two  water  legs  of  equal  size,  approximately  rcctang 
in  shape,  joined  together  by  means  of  a  scries  of 
tical  and  horizontal  staggered  rows  of  tubes,  and 
overhead    circulating    steam    and    water    drum... 
drum.,  and  tubes  are  to  be  made  parallel  to  each 
and  the  water  legs  made  perpendicular  to  both, 
boiler  is   erected,  same   must    incline    towards   the 
a  distance  of  1   inch  per  lineal  foot. 

Plates. — All    plates    used    in    the    constructic 

boilers  .  .  are  to  he  of  the  best  open  hearth 

geneous  flange  steel,  having  a  tensile  strength  of 
pounds  pei  square  inch  of  section.  These  plates 
be  plainly  Stamped  with  the  name  of  the  manufac 
the  tensile  Strength  and  the  quality  said  stamps  to 
located  as  to  be  easily  visible  after  the  boiler, 
completed. 

The   thickness   required   for  these   plates  are 
under    the    various    paragraphs    relating    to    the 
parts  of  the  boiler  heiein  » I «  -ml.,  d 

Tubes. — boiler  is  to  contain t 

each  having  an  outside  diameter  of  i'/i  inches.  . 
length  of   feet.     Each   tube  is  to  be  of  the 
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ed    quality     Standard    gauge    in    thickness,    and 

made  of  The  ends  of  all  tuhes  are  to  be 

horoughly  expanded  into  the  tube  plates  of  the  water 
egs. 

Tin-  distance  from  center  to  center  horizontal!) 
ilie  tubes  is  to  be  -'■  i  inches,  and  the  distance  vertical!) 
..■  5  inches,  except  thai  between  the  bottom  row 
and  tin  u   above,  which  is  to  he  Syi  inches,  so 

v  to  permit  the  introduction  of  a  course  of  tile  on  top 
of  the  lower  row. 

Water  Legs. — boiler  is  to  he  furnished  with 

,.  ater  legs,  each  consisting  of  a  tube  plate,  and  a 
hand  hole  plate  joined   together   by   means  of  a  strap 
riveted  around  tin-  outside.      I  !>  se  plates  are  to  I 
arranged  as  to  leave  a  clear  space  of  10  inches  between 
them   on   the   inside. 

The  hand  hole  plate  of  each  water  leg  is  to  be  fm 
!  with  a  scries  of  oval  hand  holes,  each  measuring 
3&i  inches  by  4^  inches  in  size,  and  furnished  with  a 
cast  iron  cover  plate,  one  four-prong  arch,  one 
foil  and  a  lead  gasket.  A  hand  hole  is  located  directly 
m  front  of  each  end  of  each  tube  so  a-  to  permit  easy 
ttccss  for  cleaning. 

The   water  leg   plates   arc   to   be   thoroughly   tl 

tolled  together  by  means  of  hollow  stays,  each  having 

J  minimum  outside  diameter  of    1  9-16    inches,  spaced 

1  distance  of  7%  inches  center  to  center  horizontally,  5 

center  to  center  vertically. 

Castings. — boiler  is  10  be  furnished  with 

'Undard  type  water  tube  boiler  front,  a  sufficient  inun 
btr  of  cast  iron  grate  bars  for  covering  a  width  of  . 

tl    a    length   of    inches,  one   back   gt.11, 

ig  bar,  tv  soot  doors  and  frames,  one  li 
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back  wall  supporting:  plates,  and  One  Set  of  saddles 
locating  underneath  the  rear  water  leg. 

Boiler   Supports. — The   front   water  leg  is  intend 

to  in'  supported  by  means  of  east  iron  columns  loos 

in    the    lower    section    <>f    the    l>oiler    front,   ami    tin 
water  leg  by  means  of  a  low  supporting  wall. 

Tube  Tile.— A    full   Bet   of   special    fire 

tube  tile  is  to  be  furnished  for  covering  the  top  and 
bottom  rows  of  tubes. 

Tile  Bars. —  Two  tile  bars  made  of  i'4-mch  sqii 

iron   are  to   be   furnished    fur    circulating  dr 

These  bars  are  to  be  held  in  place  by  iuc;o:-.  of  wroug 
iron  hangers   located  at  intervals  of   four   feet,  and 
curelj  bolted  to  the  shell,  the  purpose  pf  the  bars  bt 
i.i  support  the  ends  of  the  tiling,  closing  in  around 
drum. 

drum  is  to  be  furnished  with  a rlan 

having  an   internal  diameter  of    ....    inches,  and  rive 
to  the  top  of  the  shell,  a  distance  of  ...   inches  bet\ 
the  Center  of  the  same  and  tin-  front    edge  of  tl: 
plate. 

A    inch   feed   pipe   o.nuertion   js  to  enter 

front  head  of drum  as  near  the  bottom  as 

ble,  extending   towards  the   rear,  and  arranged   tfl 
charge    directly  over   the    o  cading   to   the 

water   leg. 

All  seams  around  the  perimeters  of  the  water 
are  to  be  furnished    with    single  riveted   lap   joints 
rivets  spaced  a  distance  of  2  inches  center  to  center, 
having  a  diameter,  after  being  driven,  of  13/16  inch 
the  throats,   where  the  legs  are  attached   to   the  cir 
lating  drums,  double  riveted  lap  joints  arc  used. 

Circulating   Drum. — boiler   to   be   farafall 

with     drum.,    for    permitting   the    cireul; 
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I  In    from  water  leg  to  tin-  rear  water  leg. 

llhlg    I    steam    space    in    the    upper   half. 

in  is  to  have  an  internal  diameter  of  

shell  of feet inch. 

■  m  drum. .  are  to  be  dished  to  a  radius 

it  tliametei  of  the  shell,  and  the  rear  hea<    i 
with  a  man  hole  of  the  Hercules  pattern 
i  iv  iox  At  the  forward  end 

ruin   b  to  be   located  a  baffle  plate  extending 
rear  a  distance  of  about  6  feet  and  located 
dcrncatb  am  opening,  so  as  to  prevent 

it  in  tin  A  sufficient  opening  is 

een  the  top  edge  of  the  baffle  plate  and 
the    shell   to  give  an  area   equal   to   at 

•    i     the  area  of  the    team  opening. 

unings. — ....       boilei  is  to  be  furnished   with 

li    pop   safety    valve     set    to    blow 

quare  inch,  one feed  valve. 

k  valve i  *  .t  -moll  asbestos-packed 

ks.  one-  water  column   fitted   with    r,  -inch 

->  to  boiler,  three   J^-inch  ^ .<.'..      imks, 

i  glass   water  gauge   with    brass   valves  and 

and  one  steam  gauge  with  syphon 

hell  plate  of  circulating  drum  is  to  be 

at  the  points  where  ii  joins  to  the  water  legs; 

nng  to  be  reinforced  bj   means  of plate 

inch  flange  steel  thoroughly 
'.he  same. 

I  plates  are  to  have  a   thickness  of    

ads  a  thickness  of    inch. 

emnfercnttal  seams  are  to  be  furnished  with 
lap  joints,  and  the  longitudinal  -  .-nn.s  with 

j|    |     Ml 


Buck  Stays. — (     )  buck  stays  are  to  be  fa 

nished  With    boiler..      Each  buck  stay  is  to 

sist  of  two  rolled  steel  angles,  .v  .■  inches  by  y,i 

by   •}£  inch   in   size,  bolted    together    back    to  back 
tervals  of  about  three   feet   and   separated   by   means  •' 
thimbles  placed  on   the  outside  of  the   bolts,  a  <:■■ 
of   1^4   inches  throughout  the  entire  length. 

rods  made  of  round  iron,  provided  with  all 

necessary  nuts  and  washers,  and  of  sufficient  length 
extend  entirely  across  the  width  of  the  setting,  arc 
be   fifrnished   with    the   buck    Sta) 

Fire  Tools. — boiler to  be  furnish 

with  a  set  of  fire  tools,  consisting  of  a  scoop,  hot  . 
and  slice  bar.     There   is  also  to  be  furnished  one  3,'i 
inch  tube  scraper  with  handle. 

Smoke   Stack. — smoke   stack    is    to   be 

u i shed  with boiler. .  having  a  diameter  of 

inches,  and  a  height  of  feet   

Testing  and  Inspection. — A  hydrostatic  pressure 

pounds  per  square  inch  is  to  be  applied  to  .... 

boiler  before  it  leaves  the  works,  and  a  certificate 
saiil  test,  together  with  .1  policy  of  insure  $.... 

for  one   year,    issued   by    any   reliable    boiler    insuraflj 
company,  is  to  be  furnished. 

FORM   OF   SPECIFICATIONS   FOR  A   HORIZO!1 
TAL  TUBULAR   BOILER. 

Number.  Type  and  Size. —  There  shall  be   

boiler of  the  Horizontal  Tubular  Type,  each  hav 

ing    a    diameter    of    inches    and    a    length. 

measured  from  out  to  out  of  heads,  of feet 

inches. 

Tubes,  Arrangements,  Etc — boiler  is  to 

tain    tidies,  each   having  an 
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inches   and   ;i   length   of    feet 

o  be  of  the  best  lap-welded  quality,  stand- 

ngt  in   thickness   and   made   of    All 

re  to  be  thorough    i  xpanded  into  tlir  tube  holes 
..ml    .'liter   this   i-.  (i.  -ti.     tin-   ends  ;irc  to  he 

i    i>\    means  of    round  nosed    tools 
>  pneunutic  pr«  Chi    tubes  are  to  be  ar- 

.  I  'in.il  •■■  ■•■■■  ■■.  with  .1  clear  - 
between    them,   vertically    and    horizontally. 
;.'  Bpa<  i  .  '■■.  I"  i ■  •  a  distance  of  two 
lull  be  alien 

Quality.  Thickness.  Etc. — All  plates  used  in 
of    ......      boiler,  .    are   to  be   made  of   the   besl 

steel,  having  a  tensile  strength 

I   than  fjo.ooo  pounds  per  square  inch,  and  a 

The  heads  arc  to  be  made  of  the 

ous  flange  steel,  of  the  same 

nisi  'in  d    fi  'i    the   shell    plates 

thickness  of 

.in-  to  In    plainly  stamped  with  the  name 
nufacti  tensile  strength  and  the  quality. 

to  b«    easilj   visible  after 
.  b  ipleted 

veting. — The    longitudinal    seams   arc    to    be   fur- 

ith riveted    joints,   with  all  rivets 

come  well  above  the  fire  line. 
King. — Tin    boiler    hi  ad      are    to    be    braced    by 
■•*  steel  crow-fool  braces,  having  a  diam- 
h         o  at  '"  I"'  of     qual  strength  as  the 
■11 

Pipe. — A  dry  pipe  is  to  be   located  on   the  in- 
i  ml   is  to  be  connected  to  the 

enhtfi   I      means  of  a  special  tec.  located 
This  dry  to  be  closed  at  both  ends 
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and  is  to  be  furnished  with  a  sufficient  number  of 
inch  diameter  holes  located  on  the  upper  side  to  giv* 
area  equal   to   twice  that  of  the  steam  opening. 
mils  Rtre  to  be  dosed  and  a  J^-inch  diameter  drip  ho' 
is  to  be  located  OH  the  bottom  t>f  the  dry  pipe  near 
end. 

Man  Holes. — A   man  hole  of  the   Hercules  pnltt 
is  to  be  located  in  the  front  bead  beneath  the  tubes,  and 
another    

Castings. — boiler.,    to  be   furnished   with 

fire  front  of  the   pattern. 

boiler   is  to   be   furnished   with   a   sufficient   number 
standard  cast  iron  grate  bars  to  cover  a  width  of  .   . 

inches  and  a   length  of   inches :  one  back  grati 

bearing  bat  ;     n        >ol   door  and  frame; skeleto 

arch  plates boiler.  .  to  be  furnished  with 

buck  stays,  provided  with  tie  rods,  nuts  ami  washers. 

Trimmings. — boiler  is  to  be  furnished   vflt 

one safety  valve ;  one blow-off  valve ;  on 

feed  valve;  one   check  valve;  one  combi' 

nation  steam  and  water  column,  with  ....  pipe  conne 
tions   to   boiler;    three    gauge   cocks;   one    glass   wat 
gauge,  with  brass  valves  and  guard  rods ;  and  one  stcan 
gauge,  with  syphon. 

Breeching. — 

Smoke  Stack. — ()u<    smoke  slack  is  to  be  furnish 

for   boiler.,  having  a  diameter  of 

and  a  height  of    .  ,  .  feet,  made  of sheet  stc 

and    furnished    with     feet    of    galvanii 

strand  for  guys. 

Boiler  Supports. — 

Testing  and  Inspection. — A  hydrostatic  pressure 

pounds  per  square  inch  is  to  be  applied  to 

boiler  before   it    leaves  our   works,    and    a    certificate 


STATIONARY  ENGINEERING.  317 

test,  together  with  a  policy  of  insurance  for 

me  year,  issued  by  any  reliable  boiler  insurance 
any,  is  to  be  furnished. 

M    OF    SPECIFICATION    FOR    INTERNAL 

URNACE  BOILER  OF  . . .  HORSE  POWER. 

Generally. — The  boiler  is  to  be  of  ...  horse  power 
horse  power  to  mean  3434  pounds  of  water  evap- 
d  per  hour  from  a  feed  water  temperature  of  212 
res  Fahrenheit  into  steam  at  atmospheric  pressure), 
in  all  respects  properly  proportioned  for  a  steam 
rare  of  . . .  pounds  per  square  inch. 

Material. — The  material  from  which  the  boiler  is  to 
»nstructed  shall  be  of  open  hearth  flange  steel, 
m  pounds  tensile  strength.  In  a  parallel  test  piece, 
ches  long,  when  tested  to  destruction,  the  elonga- 
shall  not  be  less  than  25  per  cent,  and  the  elastic 
t  shall  not  be  less  than  one-half  the  ultimate  tensile 
ngth.  A  similar  test  piece,  shall  permit  of  its  ends 
ig  bent  cold  in  a  parallel  direction,  about  a  curve, 
isc  inner  radius  shall  not  be  more  than  the  thickness 
bt  test  piece.  This  test  to  be  made  without  fracture 
my  point. 

The  shell  of  the  boiler  to  be   inches,  inside 

■eter,  and inches,  in  thickness.     The  distribu- 

•  of  the  plates,  and  also  of  the  rivets,  of  the  various 
•S  to  be,  as  shown  by  the  drawing. 

"Hie  front  and  rear  heads  are  to  be   inches 

•A,  and  to  have  their  circumferential  flanges  of  such 
natter,  as  to  properly  fit  the  shell.     These  flanges  to 

*  turned  to  an  internal  radius  of  not  less  than  one 
■*•  The  flanges  of  the  furnace  openings,  in  both  the 
■*t»nd  rear  head,  to  be  turned  inward  (in  respect  to 
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the  hotter}  and  to  the  be  of  sufficient  length 
low  is.    The  furnao   opening  of  the  front  li<ra 

should   I"-   ' :   of  an  inch  greater  in   diameter,  than  tli 
furnace  opening  of  the  rear  heads,  to  permit  of  the 

insertion  of  the  furnace  into  position. 

Furnace. — The   furnace   t"  be  of  the   Morrison  sus 

pension  type inches,  inside  diameter,  by 

feet,  and    inches  long,  and    inches 

having  plain  parts,  at  the  front  and  rear  ends,  of  su 
cient  length  to  lie  single  riveted  t..  the  furnace  openin 
Ranges  of  the  hoilcr  heads. 

Tubes. — The  boilei  will  contain    tube- 

inches   outside   diameter.    Spaced    inches    Cent* 

and  located  as  shown  on  tin    drawing. 

Back    Connection. — The    rear    course    of    the    boilt 
shell,  is  to  extend  about  -'|.j   inches,  beyond  the  flanf 
<>f  tlte  rear  head,  and  to  it.  is  t. >  be  bolted  an  exl 
forming  a  hack  connection.    This  extension  may  he 
ordinary  "tank  .steel"  of  sufficient   width  i"  provi 
a    combustion    chamber,    having    a    clear    depth    of 
inches.     Riveted   to   the   inside  of  this  extension, 
outer    end,    is    b  I    Ik     a    ilnt:    of    2I;\-,I...\5    lo-iuch 
to  which   will  he  holted  a   head  of  ordinary  "tank 

.•  in  two  pieces,  joined  togethei   !>■•   bolts,  .:-■ 
on    the    drawing.      In    the    low '  i     portion    of    this    head 
there  is  to  be  an  opening  surrounded  by  an  angl 
ring,  forming  a  door  frame,  18  inches  wide,  by  l  a  [net 
high,   to   which   will   he   tilted   a    suitable   d*>or,    provide 
with   latch,   hinges   and   baffle   plate,      \cross    the  hcae" 
there  should  he  a  stiffening  angle  bar. 

The  inside  circumference  of  the  combustion   chat; 
her,  is  to  he  lined  with  tire  brick,  placed  on  edge,  hi 
ing  a  lining  .)'-•  inches  thick.      Tins  lining  should 
circumferential ly  upward,  to  a  point  one  inch  above  t* 
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i   k»w  of  tubes.    The  back  of  the  com- 
i   should  be  lined  with  fire  briik.  9  in<  Ik  - 
0<  the  rear  head,  or  buck  cud.  should 

■he  same  hi  the  circumferential 

tin:  opening  at  the  top  bridged  over  by  fire 
k.    One  end  of  the  tiles 
pon  an  angle  bar,  riveted  to  the  back  head  of 
the    >>ther  end   upon   the   rear  lining  of  the 

, — The    rivet   holes    are   ta    be    either    drilled, 
of  an  inch  small,  then  reamed  to  rcqui- 
tnfair  hole!)  « ill  be  permitted. 
.1!  the  furnace  ends,  are  to  be  counter- 
he  inside,  and  the  rivets  driven  upon  the  in- 
1  urn; ace,  lea  :htly  spherical  rivel  beads. 

are    to   be   bt  m  ed   w  ith    

in  neter,  upset  al  each  end 

inches  d  and  threaded     They  are  to 

he  heads,  with  outside  hexagonal  nuts. 

ith   •  B  inches  in  diameter,  and  of  6/10 

:  the  boiler  heads.     Upon  the  inside,  there 
-hers  and  nuts  (of  half  thickness) 
ip    tighl  h<     head.     If    preferred,    the 

cs  of  the  heads  ms  id  by   means  of 

inMi  ad  of  the  tin.  .ugh 
in  which  cas*    the  braces  are 
sufficient   number,  and    so    located,    as   t>i    thor- 

Hand  Hole  Openings. —  Upon   the  top  of 

there    1-    to  be   located   an    Eclipse   Man    Hole 

6-inch  opening,  provided  with  the  usual 

It     In    the    front    head,   below   the  tubes. 

ted  hand  holt    and  nun  hole  openings. 

.,   til    suitabli    1  nid   guards.       ("he 
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openings  in  the  shell  and  heads  arc  to  be  reinfc 
strengthening  pieces,  of  unequal  section  to  the 
which  the  holes  arc  cut.  anil  securely  riveted  OB 
.side  of  the  boiler. 

Front  Connection. — The  front  connection,  1 
the  general  design  shown  by  the  drawing,  an 
made  of  sheet  metal  3/16  of  an  inch  thick.  se< 
tlic  front  head  of  the  boiler,  by  2'/|X2j4  angles  j 
bolts,  to  have  an  interior  lining  of  metal,  J^  of 
thick,  spaced  1  inch  asunder,  by  means  of  thiml 
its  upper  portion,  it  will  be  drawn  to  a  suitabl 
and  surrounded  by  a  ring  2j4x2j4xj4  angle,  to 

for  the  reception  of  a  smoke  stack,   it 

diameter.     The   front  of   the   connection    is   to 
tided  with  B  door,  fitted  with  forged  hinges  and 
for  securing  it  in  place.     The  door  to  be  provk 
a  lining,  affording  a   i-inch  air  space. 

Furnace  Doors,  Etc. — The  front  of  the  funw 
be  closed  by  a  Mlorison  Protector  Furnace  Fr 
Door,  and  below  it.  is  to  be  fitted  a  sheet  iron 
door,  •  provided  with  two  forged  handles  and 
means  for  holding  it  in  position. 

Grate  and  Bridge  Wall. — There  is  to  be  a  ( 
bridge   wall,  topped  with   fire  brick,  placed  in 
nace,  in  a  suitable  position  to  provide  for  a  gr 

of square  feet.     Midway  between  it  and  I 

plate,  of  the  furnace  front,  is  to  be  located,  a 
bearer  bar,  the  ends  of  which  arc  to  rest  upon 
supports.  The  grate  bars  to  be  of  cast  iron,  J 
with  openings  to  suit  the  character  of  fuel  to  \ 
Beneath  the  grate  is  to  be  an  ash  pan.  formed  of 
ordinary  "tank  steel,"  bent  to  shape,  and  extendi 
the  bridge  wall  to  front  of  furnace. 
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,  Fittings. — Upon  the  top  of  the  shell,  and  about  mid- 
pray  of  the  length  of  the  front  course,  is  to  be  located  a 
cast  iron  flanged  nozzle, inches  diameter,  so  ar- 
ranged as  to  provide  at  its  upper  flange  for  a   

inch  safety  valve,  and  at  its  side,  a  flanged  nozzle  to  be 
suitable  for  attaching  a  steam  connection. 

-  Extending  into  the  boiler  from  this  cast  iron  noz- 
Vk,  there  will  be  a  short  pipe  nipple,  fitted  to  a  tee,  from 
Vie  longitudinal  branches  of  which  will   extend   a  dry 

Wpe inches  diameter,  each  branch  of  which  will 

the  about  3  feet  long,  perforated  along  its  upper  surface 
jnth  holes,  giving  an  area  of  about  2j/2  times  the  area 
of  the  steam  pipe.     Upon  the  side  of  the  boiler  will  be 

located  a  feed  pipe   inches  diameter.     It  will  be 

formed  of  a  short  nipple  entering  the  shell,  to   which 

•ill  be  connected,  by  means  of  an  elbow,  a  pipe 

aches  diameter  extending  about  one-half  the  length  of 
the  boiler,  having  perforations  along  its  lower  surface, 
•bout  twice  the  cross-sectional  area  of  the  pipe.  This 
eternal  pipe  will  be  located  about  the  height  of  the  top 
low  of  tubes,  and  parallel  thereto,  its  extreme  end  be- 
ing held  in  position  by  means  of  a  suitable  fastening. 
Located  at  the  bottom  of  the  shell,  and  at  its  extreme 
fear  end  will  be  provided  an  opening  suitable  for  a  . . . 
■ch  diameter  blow-off  cock.  The  hole  in  the  shell  be- 
ing reinforced  by  a  pressed  steel  pipe  flange  riveted 
thereto. 

Test.— Before  leaving  the  place  of  manufacture,  the 
boiler   will    be    completely    filled    with    water,    slightly 

•armed,   and   subjected   to   a   test    pressure   of    

pounds  per  square   inch,  and  to  be  tight  at  that  pres- 

Wre. 
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SPECIFICATIONS      FOR      LATEST      IMPROVI 
DOWN  DRAFT  SMOKELESS  FURNACES. 

Manifolds. — The  front  and  reai   manifolds  of  the 
furnaces  are  made  of  special  tap  I  steel  tubing 

inches  in  diameter,  of  the  highest  quality,  made  esj 
dally    for    the    purpose.     Thickness    of    metal    in    tl 
manifolds  ft  of  an  inch.     Heads  flanged  and 
hand   plate    in    one   end.   thickness   of   heads    ->>i-mdi 
open  hearth   Range   steel.    The  rear  drums   havi 
special  forged  steel   Ranges  riveted  on   for  5-inch  pip 

and    llie    front   drums    have    Ranges   for   4-incll    pipe. 

Connecting  Tubes. — The  -^ratc  tubes  connect 
two   manifolds   arc   2   inches   in   diameter   and    2ft 
outside    diameter,    a    double    staggered     row     proi 
space. 1.      The)    are   made  Of  special   odd   drawn   seam! 
steel  tubing.     The  tubes  are  screwed  into  the  rear  man 
fold    and    expanded    into    the    front    manifolds, 
length  of  the  tidies  arc  from  4  feet  to  51  •  feet 
tu  the  length  of  the  boiler. 

Brass  Plugs. — In  the  front  manifolds  there  • 
inch   brass   plugs   screwed    in,  one   opposite  each   gra 
tube  for  inspection  and  washing,  a  panel  being  plac 
in  the  fire  front  fastened  on   with  small  lugs  am 
bolts  giving  free  access  to  these  brass  plugs.       By  lot 
ing  up  the  cap  screws  slightly   the   lug  can   be   tu 
1  I1.1t  tlie   panel  can   be  readily  removed  and   rcplai 

Connections. — The  connection-  between  the  furnace 
and  boiler  are  made  of  extra  heavy  pipes  with  steel 
semi-steel  fittings,  the  front  connections  being  4  inch 
in  diameter  and  the  rear  connections  5  inches  in  dial 
eter.     Where  boiler  is  set   with  full  flush  fire   front 
Front    connections   are  made  through    the   he. id 
boiler  by  mean-  of    i  inch  boiler  lube  being  expand 
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(I.     Where  the  boiler  is  to  be  Bel   with  >£ 

arc  made  in  the  shell 

end.      The   rear  connections   are   made  by 

cli    extra   heavy   pipe   from   the   rear  mani- 

ing  into  Mi  d  of  the  boiler  in 

ner  a-   the   f» tions  when  set  with 

mil  fi  pace  in  rear 

ill  not  permi  htch  case  the  connections 

in    the    upper   quarter  of   the   boiler   directly 
rear  manifold. 

ronts. —  Each    furnace   is   supplied    with  a  lire 

■;.    rull  flush  or  three  quartet   arch  pat- 

y  be  desired.    1*hese  fronts  an    supplied  with 

Pickle   patent   fin    dom    . 
•  m  •  ■  •''    ra  and  ash  pit  doors. 

furnaces  ran  he  attached  to  boilers  already  in 
s  well  as  to  new  boilers,  bj  making  the  neces- 

uovinj;   and    rephi 
W.  and   ■]  ;  for  the  neci  »sary  sup* 

front  end  of  the  boiler,  except  where  same  i> 
led  independent  ol   the  fire  front. 

new   boilers    ol    Oo  inch 
siili  down  draft  furnaces,  var- 
^400  r  Phe  cost  of  equipping  .old  boili  i 

'  ■  S700. 

xxn      Such    fui  .ill    increase    height    ovei 

baft  >■  ui  iS  inch 

power. — Til  ii  draft  mriiaci    "i 

II  add  from  8  to  15  h  p  to  that  of  the 

is  of  Water  Tube  Boilers.— In  Tabic   No. 
ons  of  water  tube  boilers. 


CHAPTER  IX. 


QUESTIONS    AND    ANSWERS    ON    PREC 
CHAPTERS. 


I 


Q.     What  is  the  difference  hctwecn  a  plain  I 
a  submerged  tube  vertical  boiler? 

A.     In  a  plain  tube,  or  dry  top  boiler  as  it 
tiint fl  CSlled,  the  ends  of  the  tubes  are  not  covet 
water,  while  in   the  submerged   tube  boiler  the 
the  tubes  arc  submerged  or  kept  covered  with  I 
all  times. 

Q.     Which  type  of  these  boilers  is  prefcrab 

A.     The  submerged  tube  type,  as  the  tubes  a 
sheet  are  less  likely  to  be  burned. 

Q.     How  are  vertical  boilers  usually  set? 

A.     The  smaller  types  are  self  contained,  w 
larger  boilers  rest  on  a  foundation  built  in  the  f 

Q.     Arc  the  Cornish  and  Lancashire  boiler 
ally  or  internally  fired? 

A.     They  arc  internally  fired 

Q.     How  are  vertical  boilers  fired? 

A.     They  are  generally  internally  fired. 

Q.     How  are  return  tubular  boilers  fired?? 

A.     They  are  externally  fired. 

Q.     What  are  the  advantages  claimed  for  in 
fired  boilers? 

A.     That  they  arc  more  economical  in  the 
fuels,  and  also  are  self  contained. 

Q.     What  is  the  chief  objection  to  internal 
boilers  of  the  Cornish  and   Lancashire  types? 

A.     The  liability  of  the  flues  to  collapse,  o< 
the  steam  pressure  being  on  the  outside  of  thet 
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Q.   Why  are  the  tabes  in  a  water  tube  boiler  set  at 
fagle,  or  inclination? 

To  facilitate  the  circulation. 
How  much  is  this  inclination? 
A.    Usually  one  inch  to  twelve 
Q.    Why  are  water  tube  boilers  claimed  to  be  safer 
fire  tube  boilers? 
A.    On  account  of  the  small  amount  of  water  con- 
in  the  tubes  of  same,  and  also  owing  to  the  small 
of  the  tubes. 
Q.   Name  some  of   the  advantages  of  water  tube 

? 

A.  They  are,  (i)  safety  from  explosion;  (2)  tubes 
1  likely  to  rupture ;  and  (3)  their  quick  steaming 
fees. 

Q.  Name  some  of  the  advantages  of  the  internal 
sue  boiler? 

t  A.    The  chief  advantage  of  this  type  of  boiler  is  the 
Iwtny  of  first  cost,  they  being  "self  contained,"  there- 
It  the  expense  of  setting  is  saved. 
Q.    What  is  meant  by  a  "self  contained"  boiler? 
A.    A  boiler  that  is  independent  of  any  masonry 
;,  cast  iron  fronts,  buck  stays,  tie  rods,  and  etc., 
permitting  them  to  be  easily  removed  from  one 

to  another. 
Q.   What  other  advantages  do  they  possess? 
A.  They  are  capable  of  carrying  an  extremely  high 
pressure,  and  are  at  the  same  time  steady  steamers, 
are  extremely  economical  in  the  consumption  of 
oting  to  the  absence  of  all  brick  settings,  which  set- 
tmlly  crack  and  allow  the  heat  to  escape. 
%  What  is  the  principal  advantage  of  the  multi- 
*r  boiler? 
I  A  Its  cheapness. 
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Q.     What  is  the   mosl  common  type  of 
motivi    boiler? 

The  fire  box  boiler. 

What   arc-    the   principal   disadvantages 


A. 

Q. 
boiler? 

A. 


The  nccessit)   oi   bi  ing 

tensive  flat  surfaces,  also  imperfect  circulation 
in uii \  iii  keeping  water  leg  clean. 

ij.     W  liat  is  a  sectional  boiler? 

A.     v  boil)  r  ni, uii-  n]i  oi  ;i  numbi  i 
units.    These  sections  are  usuallj  of  cast  iron 
about  8  inches    in    diameter    and    connected      by 
necks,     'llu-  Harrison  boitei  i-  one  "i  the  l>cst 
types  of  this  boiler. 

Q.     How  is  boiler  steel  usually  made? 

A,     It  is  made  by  the  open  hearth  process. 

Q.    What  is  the  chief  ingredient  of  all  con 
iron  and  steel? 

A.     Pure  iron,  of  which  they  contain   from 
cent  to  90  per  cent. 

11       \\  hat      is      the      principal     different 
wrought  iron  and  steel? 

A.     The  amount  of  carbon  contained  in  tt 
make  steel  from  pig  iron  it  is  necessary  to  burn 
bon  out  of  the  iron,  and  to  make  it  from  wr.mgh 
is  accessary  to  add  carbon  to  it. 

What  is  meant  by  the  open  hearth  pi 
In  this  process  the  gns  and  air  needed  f 
bustion  arc  heated  to  over  1,000  degrees  Fahrcn 
fore  entering  the  combustion  chamber.  To  the 
metal  certain  Chemicals  are  ilit  11  added  to  keep 
state  of  agitation,  which  takes  tin-  place  of  pudi 
stirring  it. 

Q.     What  is  the  Bessemer  process? 

A.     In  this  process  the  molten  pig  iron  is  pu 
large  pear-shaped  vessel  called  the  "Converter," 
is   forced   through    it    under   pressure.     The  air 
through  the  molten  metal  burns  out  the  carbon, 
etc. 
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CHAPTER  X. 

Z   TYPES    OF    BOILER    AND    FURNACE 
ATTACHMENTS. 

Pressure  Gauges. —  In   Fig.  Grj  in  gliown  a 

touriliui  v  ■  Ihc  standard 

riu    principle  upon  which 

acted  has  he  I  cen  explained. 

Pressure  Recorder. — In   '  is  shown  a  pressure 

r  recorder,  can  be  used  on  steam, 

,  .rd 

press  tin  given  time.    With 

is  uauall  •  hed  an  amplt    luppl) 

ictions. 

;  ders,  the  fluctuations  in 

ink  upon  a  chart, 

the  opei  the  boilei  t"  be  inspi 

;real  assistance  to 
fill  oversight  over  the 
and  the  labor  of  att<  ndants 
Giage  Frame. —  It  vn  a  Range  frame 

which  |)i  rmits  the  engineer  to  know 
what  is  being  done  in  Jii«   plant 


LUNKENHEIMER  POP  SAFETY   VALVE. 

Construction. — fa    Ftg.  95   is   shown  a   well  known 

v*ah  c       I  lies  1    ■  alves  con- 

which  !-   firmly  screwed  the 

'   E,  having   il    hi       1     eat    at    an  angle  of 

Ii' I    with    the    regu- 

lm.li  CM  wed  n|'  "'  down  ui  rcgu- 

111  any  desired  position  l>\   means 

ing   ring  screw    II.     The   'Ii--'     !>   is   well 
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mean-  i  i  tin.  wings  do  the  bottom  thereof  op- 

mstdc  the  scat  rltur  K.      I'hc  Mi.M   look-nut  G  pcr- 

ihc  disc  being  ra  n  its  seat  by  means  of 

It  operated  the   sprii 

I,  which  dly  secured  to  tin-  stem  N.  has 

ig  wi  ditch  engage  the  under  part 

Kk-i-  )  turning  in  X  the  disc  D  can 

the  wings  on  the  spring  holder 

liaj.ril    recesses   in    the   disc. 

by  the 

.  plates  Q  and  !',  ami  il   will  be  obsi 

ings  at  both  top 

.ii  all  times  insure  perfect  alignment 

ming  part  of  the  top   It 

nit;  J,  and  the  action  of  the 

not    I  lack   pre-surc  should   the 

pi;  imped  or  muffled,  as  the  top  of  .same 

Ur  ring. 

■••..•I 

in  turn  held  to  the  t"i>  by 

The  tension  of  the  spring  J  is 

filiating  screw  M  which  op- 

bronze  bushing  •  >.    The  lock-nut  N'  holds 

osition. 

the  pressure  adjustment 

lcr,  as  the  screw  S  can  be  removed, 

the  same  diameter  inserted  and 

down   upon  the  valve  stem,   holding  the  disc  to 

*hile  the  pressure  is  being  applied  to  the  boiler. 

as  the  test  IS  over  the  set  screw  can  be  r<  moved 

valve  ;  n  be  as  efficient  as  ever. 

ake  the  valve  apart,  remove  the  lever  K  and  fork 

the   bonnet   G  and   relieve  the  load  on   the 

:li     set  screw   M,  after  which  the 


I 


A   Gaum-   Frnin. 

Fig.  94. 
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oved,  when  ;n  cess  to  thi   inti 

■lie  valve  at  a  highei  pressure,  turn  tin  regn- 

i   .1  lower  pressure,  turn 

.\  up.     i  it  lion  of  iin  escaping 

team  is  regulated  I>\  the  ring  I  .  which  is  easily  accessi 

thoul  taking  1 1  *  <.-  valve  api  ing  the  screw 

i  and  inserting  ;•  i  I  the 

:   I-'.      If  the   valve  pons  suddenly,  and  d>  •»••• 

i'i|  reduce  -.ntc  enough.  turn  '  i"K  P  up,  which 

the  holes  i»  the  seal  ring  and  causes  the  disc  to 

■  ii    i.s    '.  at       If  the  \  ah  i  nuch. 

'inning   au<l   c-l«  »r-in  gradually,   turn    the    ring    F 

\\  hen  the  desired  adjustment  i--  obtained    see  tin 

,\    H. 

jick  Closing  Water  Gauge. — In   Pig.  96  is  shown 

iiycttc  Quick  Closing   Water  Gauge.     It   is  impos- 

prevent  the  breaking  1  1 

tised  in  the  boiler, 
iti'l  the  sudden      1<  ise  of  the  sti  ion  Iheii   l>re»king 

Id   the  engineer,   and    of 
•irns  win.  I"  -Inn  off  the  gauge   when 

..liivs  breaks. 

Ith  a  quick  closing  device  all  that  is  1  rj    is 

'"I'll!1  in   which    1      sufficiently  lullj;   In  always  lie 

••  reach  of  the  attendant,  and  which  closes  the 
Huge  valve  both  at  the  top  and  bottom,  as  seen  From  the 
tut,  thus  preventing  further  escape  of  the  steam, 

Safety    Water    Column. —  In    Pig.    •  ;-    is   shown    the 

•Vrigir  Water  Column.     The  chamber  shown  at 

ht  bottom,  is  for  th  tion  of  sediment.    Tin-  whistle 

11  of  the  column.     When  the  water  varies 

below  the  proper  level,  the  whistle  sounds  an 


The 


Lunvenhe1«er  Pop   Saft*,  VaW* 


1 1  Ihc  interior  can 
be  hi 

bjghei  pi  i    mi      turn  the  regu 

a,  and   fui    .1   I  •■'.  'i    pn     ure,  turn 
up      1  lit-  pop  or  action  of  the  escaping 

U!;;    I    .    v.  |    ■  ■ 

king  the  art  by  n  ihc  screw 

In   nutchi  s  around  the 

PF      If  the  val>  c  |K)|»s  suddenly,  and  di  ies 
enough,  turn  ring   F   up,  which 
ill       eal  ring  an<]  causes  the  disc  t< 
eat,     If  tin    valve  pops  too  mm  li 
■  s     gradually,    turn    (he    riti^    I- 
tin    nt  i     obtained,  sccuri 
ri-w  II. 

Closing  Water  Gauge. — In   I :ig,  r/i  is  shown 

1  range      It   is  impos- 

ater  glasses,  owing  to 

■An  n  strain  is  raised  in  the  boiler. 

1 1 1 >■  n   tin  ii    breaking 

to  'In    engineer,  and  of 

■  to  sluil  »rl  the  gauge  when 

Quick   I  device  iill   that    i.-   necessary   is 

lin    W  lly  long  to  alwa_\ 

ndant,   and   which   closes   the 
ip  and  l"'M.  .in    .]-  seen  from  the 
>ng  further  escape  oi    the  steam. 

Water    Column. — In    Fig.   <>7    is   shown    the 
1  nhimn        I  he  chamber  shi  nvn  at 
etiou  of  sediment.  The  whistle 
uin.     When  the  water  varii  • 
1     the  whistle  sounds  an 


::  the  traj    supports  ami  the  sides 
and  between  the  seta  oi  trays  in  heaters  liav- 
morc  sets),  giving  greatei  area  foi  the  pas- 
urplus   exhausi    through    t li •  -   heater   than 

■  •;:■  mill  opening       I  hi-,  arrangement 

II.  I.     induction,  through  the 

di  s  to  the  water  as  it  Hows  from 

eduction  of  the  Water. —  l-'rom   the  cold     water 
heater  the  cold  watei    is  conducted  to  an 
niting  l.ox.  ;   h.  extending  across  and 

the  distribu 
i'  i  the  upper  trays. 

Controlling  the  Water  Supply. — <  Hilside  of  tin-  heat 

.1  lanced  valve  for  rcg- 

:-.  e.  nun  .1  If! 

in    tin    heater.       \ny 

ot  the  w.ii,  i    raises  or  lowers  this 

ink  ami  i<  ',  er  connections 

thus  ki  ippliod  the  demands 

th<    he  iter  for  hot  water,  and 

li    the    overflow. 

iinpli-du-d  l>y   using  a 

item  cd  '"  a  hoi!  iw  axis,  the  end  of 

the   heater.        A   suitable  brass 

prevents    leakage,   the   lower  portion   of  ihe 

at    being   submcrge<l.    so  that   any    water 

nulatc  in  the  float    from  sweating  through 

i  leakage,  will  show  on  the  outside  of 

ithin   plain   view   "I"  the  engineer. 

Skimmer.     Overflow  and  Water  Seal. — Just     above 

•  f  the  water,  and  extending  the  width 

!  a  ski  mini  i   for  taking  off  impuri- 

rface       Hack  of  this  skimmer  is  a 


Thr  Cochrane  Feeil-Water  Heater  anil  Hurin.-r. 
Fig.  98. 
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'rough  .  which  is  drained  through  an  opening 

b  the  side  of  heater  into  the  water  seal  or  trap,  which 
seal,  while  of  ample  size  and  perfectly  open,  carries  a 
sufficient  head  of  water  to  withstand  a  pressure  of  about 
ODC-hall  pound  to  the  square  inch. 

Plates  for  Carrying  Filter  Bed. — To  providi  for  car- 
rying additional  delimiting  surface  in  the  form  of  a  filter 
bed,  this  heater  is  furnished  with  perforated  cast  iron 
plates  i>r  shelving;  vhich  the  material  used  is  pi 

thereby  :••■  of  all  the  water  through  the 

filtering  bed,  and  providing  an  nine  to  the  pump 

supply  via  the  hood.     Tl  >rm  a  false  bottom. 

f|eing  set  at  least  four  inches  above  the  bottom  of  the 
heater. 

Protection  to  Pump  Supply  Pipe.— -Covering  the  oul 
'<-'t  to  the     pump,  and     extending  down  to  the     coke 
shelving,  is  a  hood.  its  under  edge  for  the  pas- 

sage of  water,  and  vented  by  a  pipe  at  the  top  to  prevent 
Possible  air-logging  and  consequent  interference  with 
the  flow  to  the  pump.  This  pipe  also  prevents  the  sy- 
phoning oi  water  from  the  heater,  thus  maintaining  a 
1  for  keeping  the  floating  impurities  from  the  pump 

supply  pi] 

Every  pro.  made  for  examining  and  clean- 

ing all  parts  of  the  heater  without  disturbing  any  pipe 
connection,  the  openings   being  of  large  size  and  con- 
ntly  located. 

THE    WEBSTER    FEED-WATER    HEATER    AND 
PURIFIER. 

Fig.  <». 

Construction. — The  Webster  "Star- Vacuum"  Feed- 
Water  Heater,  Purifier,   Filter  and  Receiver,  consists  of 


JJ 


The  Webster  Brian*  Btaam  Feed  Water  Heater  aod  Purlf 
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host  inm   receptai :Ie  in  which  cold   water  and  exhaust 
brought  Into  direct  contact 
illustration  shows  clearly  the  construction  and 
ation  of  a   wry   well  known   style,  built    for  boiler 
>m  500  to  5.000  horse  power.     It  is  of  the 
'\  ebster    typt     an    exha  1    feed-water 

m    combination    with    .1    filter   and   precipitating 

urther  provided  with  a  Webster  Oil 

irator,  v.  of  the  heater  construc- 

e    ectti  illy  and  coi  the  oil 

it  inters  the  heater: 
with  upply  •""'  "ver- 

or  blow-off;  scaled  out* 
'ril   and   purified   water  fed  to  the  boiler 
barging  and  cleaning  doors  for  the  filter: 
combination    vent    and    inlet    air 

■  in.  '  used  in  its  construction  are  c.v-i    iron 

hell,  and  copper  and  brass  for  the  valves  and 

ist  tli  action  of 

pure  ing  chamber — upper  sec- 

1  •  1     ;  ided    with   perforated   copper 

as    hereinafter    cx- 
autumatically   control 
■  |.l\  and  ovei  :'•  >«    i    >  •  !  brass 

iE  HOPPES  EXHAUST  STEAM  FEED-WATER 

HEATER. 

1   g.   too. 

Description. — The  shell   i>  "f  sw-rl  plate,  and  heads 

n,  th  ■!"  one  being  removable  for  tak- 

the  pj  pection  , .'-  1  leaning. 
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The  eXlUUSl  steam  enters  at  the  back  end,  and  after 
ip   through   the   large   oil   eliminator,   the   purified 
Meam  enters  the  heater  proper,  from   which   it  escapes 
through  the  pipe  0  at  front  end. 

The  water,  on  entering  tin-  (tetter  at  T,  is  fed  into 
the  tup  |>;m  Mid,  Overflowing  the  edges,  follows  the 
underside  of  the  pan  to  near  Center,  when  it  drops  into 
the  next  (Ml)   l>  :■  [{    :\>\v-  over  each  MK-cessive  pan 

Nunc  manner  Until  it  reaches  the  chamber  at  the 
I,  from  which  it  passes  to  the  pump  through  pipe 
P. 

While  the  heater  is  in  operation  the  water  flowing 
the  underside  of  the  pans  comes  in  direct  contact 
with  the  exhaust  steam  passing  through  the  heater,  and 
ill  this  manner  the  water  is  heated  without  the  heat  hav- 
ing to  pass  through  the  pans  or  lime  already  formed 
thereon. 

The  inside  of  the  pans  afford  Milling  chambers  for 
'he  mud  and  solids  in  suspension,  while  the  lime  and 
"tluT  solids  in  solution  form  on  the  underside  of  the 
p»ns.  The  water  is  thus  ""<  only  heated  to  the  highest 
degree  obtainable  bj  exhau  n.  but  all  of  the  solid* 

'hat  arc  separated  at  that  temperature  are  caught  and 
'cuincd  in  the  heater. 

Setting  and  Connection. — The  heater  should  be  set 
in  a  position  that  will  bring  the  bottom  of  same  at  least 
two  feet  above  the  suction-valves  of  the  pump.  After 
the  heater  is  placed  on  foundation  it  should  be  leveled 
both  ways  by  the  set-screws  at  corners,  a  spirit-level 
Wing  placed  on  the  leveling  bar  on  top  of  heater. 

The  exhaust  inlet  should  be  connected  at  back  end, 
and  the  outlet  at  the  top.  Connect  the  suction  at  P. 
•w-ofT  or  drain. 

The   water  column    may   be   placed   on   either  side, 


ng  provided  in  each  side  of  heater  (or  top 
one  of  which  is  plugged.     Hm  overflow  and 

n  --mall  heaters  arc  connected  with  a  V.  and 
lid  be  connected  to  sewer.  Where  the  heater 
in  a  heating  system)  ;i  trap  should  be   used  in 


ttachhtg  iiic  float  and  valve,  Rial  secure  the 
in  place,  with  arrow  on  side  •>(  valve  pointing 
the  heater. 

I  the  pans,  and  £ct  inside 
.  and  put  thi-  float  in  position  by  running  the 

in   through  the  stuffing-box  from   the   inside,  rc- 
lll    iron    liver   "it    the   OUtside    end,   drive,    ill 
and  !"     level     v.  itll    the    valve -stein    by 

town  in  i 

ii  ol  the  i' "i  can  Ik-  adjusted  to  gi> e  an) 
teight  of  water  iii  the  heatei      Carry  the  ■. 
i  enou  <"   run  "in   of  the  overflow       \ 

c  should  be  placed  "ii  tin-  feed  pipe  to  shut  off 
;  as  the  recjulatinp  valve  i*  intended  for  rcgu- 


E  HOPPES  LIVE  STEAM  PURIFIER. 
Pig.  101. 

itruction. — The    purifiei     consists    <>f    a    round 
best  flange  steel,  having  a  solid,  pressed  ilan^e 

•  •ill    in    the    back    <  ml,   ami    a    Solkl    pn 
:el  head  bolted  to  a  heavv  rinir  to  the  front  end 
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pieces    being    malleable    iron,    whereby    a    very    liRhi- 
strong  and  durable  construction   is  obtained  and  a  it 
gree  of  elasticity  or  resilience  secured  to  the  pans,  whic 
permits  the  lime  or  other  incrustations  being  easily  rt 
moved.     The  ends  of  the  pans  are  higher  than  the  sid 
and  have  projections  at  each  extremity  to  rest   on 
ways  on  which  the  pans  are  adapted  to  slide. 

The  ways  on  which   the  top  pans  slide  arc  cur 
downward  opposite  the  feed  inlets,  to  permit  the  head 
of  the  pans  to  pass  under  the  ends  of  the  feed  pipe*. 

The  sectional  cut  illustrates  a  purifier  with  tv 
of  pans  and  six  pans  in  each  tier,  and  the  arrangement 
for  dividing  and  distributing  the  feed-water  in  the 
pan  of  each  tier. 

The  purifier  is  connected  to  the  boiler  by  a  lar 
steam  pipe  A  and  the  exit  or  gravity  pipe  D.  A  bl< 
off  pipe  is  also  connected  to  the  purifier  at  C. 

The   feed   pipe   from   the   pump  or  boiler   feeder 
attached  at  B. 

A    water   column    and    gauge    is    also    connected, 
shown  in  the  exterior  view  of  purifier,  and  while  in  up 
iiioii  this  gauge  should  never  show  more  than  half  fu 
of  water. 

In  packing  the  head,  round  asbestos  packing 
placed  in  a  groove  turned  in  t lie  ring,  and  is  held  in 
place  by  the  head.  This  makes  a  most  effectual  ami 
lasting  joint,  and  dispenses  with  the  use  of  large  gasket* 

Setting  and  Connecting  Purifier. — The  purifie 
should  set  above  the  boilers,  or  in  a  position  that  will 
bring  the  bottom  of  shell  two  feet  or  more  above 
water-level  of  the  boilers.  After  it  is  in  position,  th 
purifier  should  be  leveled  both  ways  by  means  of  th 
set-screws  at  each  corner.  The  main  steam  pipe 
should   be  connected   to   an   independent   steam   header. 


The  Pittsburgh  Heater  ami  Purifier. 
FlK.  102. 
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mmodate  variation  in  the  expansion  and  contra 
due  to  these  changes  upon  various  parts  of  the  ij 
atus.     As  the  heat  I  ing  medium  is  prefcrab 

copper,  which  movea  to  a  greater  extent  under  cha 
of  temperature  than  the  containing  shell  of  iron,  % 
comes  necessary  to  provide  means  to  accommodate 
almost-irresistible  force  in  BUCO  I  mam:  pr< 

damage  to  any  of  the  parts.  Tin-,  has  been  ac 
plished  in  various  ways:  by  screw  glands  or  sti 
boxes  at  the  endl  of  each  lube;  by  connecting  one 
head  to  the  shell  by  means  of  a  flexible  or  movable 
phragm,  or  by  providing  for  this  expansion  in  the  1 
themselves.  It  is  this  latter  method  that  :s  empl 
in  the  Wainwright  Bveaflow  Heater,  the  tubes  of  n 
are  corrugated  in  such  a  manner  as  to  take  up  in 
convolutions  the  movement  due  to  the  difference  o 
pansion  or  contraction  between  the  copper  tubes 
the  cast  iron  of  the  shell.  Having  thus  provided  fo: 
relief  of  all  interior  stresses  or  strains,  it  becomes 
sible  to  fasten  rigidly  the  tubes  into  the  tube  hea< 
a  permanent  ami  substantial  manner.  In  this  hcatci 
tubes  are  fast  ned  at  each  end  into  the  tube  plates 
brass  thimble. 

This  method  is  extremely  simple  and  effe* 
ThPre  is  but  a  slight  ami  entire)!)  negligible  rcdu 
of  the  free  area  ami  ii"  irregular  projections  to  obs 

the  flow  of  water.  As  a  matter  of  fact  the  trndeni 
iln  water  pressure  is  to  increase  the  tightness  ol 
joint  and  consequently,  within  wide  limits,  the  gr 
the  pressure  the  more  secure  the  fastening. 

The  tubes  are  divided  into  several  groups  anc 
water  is  sent  back  and  forth  several  times  througl 
heater,  and    in    dividing  the   tube,    there    is  arrange 
odd  number  of  divisions,  which   make--,  ii   possible 
vertical  heater  to  put  the  feed  inlet  at  the  bottom 
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healer  and  the  outlet  at  the  top.     This  arrangement  ;dso 
allows   the  exhaust  openings   to  be  placed  so   that  the 
cold   entering   water   meets   the  outgoing   steam,   while 
the  heated   water,  just  as  it  leaves  the  heater.  rccciv« 
the  full  benefit  of  the  entering  exhaust. 

Although  the  velocity  of  flow  is  much  greater  than 
in  ordinary  heaters,  it  dfn-s  imi  even  approach  a  v: 
which  produces  friction  enough  to  offer  any  obj< 
able  feature.  This  point  has  received  very  careful  con- 
sideration, and  a  velocity  high  enough  to  product 
enormous  heat  transmission  is  secured  with  less  friction 
than  is  encountered  in  the  feed   pipe   itself. 

THE  BUNDY  STEAM  AND  OIL  SEPARATOR. 
Fig.  104. 

Construction. — Consists  of  a  cast  iron  flanged  ; 
and  a  catch  basin  or  receiver  flanged  to  the  body  at  the 
bottom.    A  nest  of  1m  leparating  plates  are  place] 

in    the   body    at    right    angles   to    the    direction   of  fttafl 
travel.     These   plates  are   set   staggered.     They 
of  upright  columns  with   interior  channels  and  cup-hk 
openings    to    catch    the    water    of    condensation, 
steam  describes  a  zig-zag  or  winding  course  as  it  pa 
through  this  nest  of  plates  from  the  intake  side  of  tn 
separator  to  the  outlet  side. 

Operation. — When  used  as  oil  separators  to  ex 
oil  from  exhaust  steam,  the  separator  is  placed  as  cl< 
to  the  engine  as  conditions  will  permit,  the  intake  si'I 
being  the   face   or  front   of   the   separating   plat 
the   steam    passes    through    the    nest   of   plates,   the 
which  it  contains,  and  which  is  held  in  SOS] 
comes   entangled    with   the    plates,   is   collected 
small  cups,  and  passes  down  through  the  channel 
ping  into  the  catch  basin  or  receiver.     A  tipping  in 


«.f  Um  Bundy  8l«iana  and  Oil  Separator. 
Pit  104. 
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bottom  of  the  receiver  permits  the  connecting  up  oi 

waste  pipe   tlirongli   which   i In-  oil   passes  off,  either 
gravity  or  through  a  suitable  steam  trap.     This 
ator  is  designed  to  have  the  side  cover  plate  removals 
by  taking  off  the  bolt   heads,  swinging  it  to  one  aid 
thus  permitting  the  interior  separating  plates  to  be  tala 
out  by  hand  for  the  purpose  of  cleaning.     It  is  recor 
mended  that  these  plates  should  be  cleaned  about  on 
each    fortnight,    immediately    following   the    installatk 
of  the  separator,  and  at  intervals  as  may  be  required 
other  times.     Where  necessary,  separators  will  be  p 
vided  with  the  removable  cover  plate  flanged  to  the  t 
of  the  body.     In  some  plants  there  is  not  sufficient  roc 
to  take  the  plates  out  from  the  side,  in  which  event  th 
should  be  removed  from  the  top. 

THE  COCHRANE  SEPARATOR. 

Horizontal  and  Vertical  Forms. 

Fig.   1 06. 

Construction. — A  single  baffle  plate  facing  the 
Opening,   presenting  sufficient   surface   for   the   imp 
mi'iit  of  all  the  particles  of  liquid  traveling  in  the 
rent — ribbed  vertically  to  prevent  the  side  travel  of 
separated  liquid — ports  are  placed  one  on  each  si 
the  baffle,  and  these  combined,  of  an  area  exceeding 
nf  the  entering  pipe — the  opening  into  well  being 
and  placed  directly  in  front  of  and  underneath  the 
of  the  entering  pipe,  so  that  when  a  large  quantity  of 
uid  comes  it  will  pour  directly  into  the  well.     The  "~ 
being  entirely  below  the  course  of  the  current,  and 
current  not  being  discharged   into  it,  the   liquid  tal 
out  will  not  be  disturbed  until  it  rises  to  the  lev 
the  bottom  of  the  main,  when  the  Separator  simply 
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comes  inoperative  without  the  current  having  the  oppor- 
tunity to  drive  out  or  to  pick  up  and  carry  over  the 
stored  liquid.  The  chamber  on  outlet  side  of  baffle  1 
closed  to  well,  the  drainage  fur  condensation  From  thiv 
chamber  being  led  to  well  through  an  internal  drip  pipe 
The  Vertical  Form. — Is  the  equivalent  of  the  hori- 
zontal form,  modified  in  design  and  construction  to  meet 
the  conditions  due  to  the  different  direction  of  the  cur- 
rent— viz.:  upward  or  downward  flow  instead  Of  hori- 
zontal— while  retaining  the  same  principles  of 
tion. 

In   the   lower  left   hand   corner  of  above   figure  i 
shown  a  section  view  of  this  Separator. 

THE   DETROIT   VERTICAL  AND   HORIZON' 
CENTRIFUGAL  SEPARATORS. 

Construction. — In  the  Horizontal  style  as  shown  in 
Fig.  73  the  steam  enters  through  the  inlet  and  is  de- 
flected downwards  by  the  curved  arm,  and  water  an-i 
any  impurities  arc  thrown  partly  by  gravity  and  partly 
by  centrifugal  force  into  the  well  of  the  separator.  The 
purified  steam  is  drawn  off  through  the  outlet  from  the 
top  of  the  separator.  Drainage  is  accomplished  cith 
by  means  of  an  automatic  steam  trap,  or  by  han 
through  the  outlet  valve  whenever  the  water  gauge  in- 
dicates that  it  is  necessary. 

The  above  also  applies  to  the  Vertical  style,  the 
Steam  entering  from  above  is  deflected  by  the  curved 
partition  shown  in  the  sectional  cut.  This  partition  ha* 
a  trough  on  the  lower  edge  to  catch  any  water  that  may 
collect  on  and  run  down  the  sides  of  the  partition.  The 
Vertical  Separator  is  not  intended  to  be  operated  with 
an  ascending  current  of  steam. 
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THE  ALBANY  RETURN  STEAM  TRAP. 

Fig.  107. 

Construction. — It  consist-,  of  a  vessel  approximately 

in  form  provided  with  a  closed  bottom.    A 

bvabk  bonnet   forms  ;i  closure  for  the  upper  end  of 

leasing  ami  is  second  to  the  tame  by  screw  bolts. 

I  open  top  copper  bucket   is  enclosed    in   ami   at  rani,-!  <l 

asing.     The  bucket  is  attached  to  the 

I  hinged  joint  in  such  a  manner  that  it  will 

tcqttire  tilting  movements  when  occasion  rc- 

1  hannelcd    guides    arc     arranged    within    the 

t  so  as  to  be  practically  at  right  angles  to  the  ccn- 

of   the    hinged    joint,    and    in    the    guides  arc 

counterweights!  fitted  to  roll  to  complete  the 

iir  movement   of  the  bucket  by  gravitating  toward 

!  depressed  ends  of  the  guides. 

A  talvc-opcrating  rod  is  connected  by  a  joint  to  the 

bucket ;  the  upper  end  of  said  rod  is  fitted 

»we  more  loosely  in  a  chambered  guide  secured  to 

l  bonnet    This  rod  is  provided  with  tappets  project- 

[IWfTally  therefrom  and  are  adapted  to  take  against 

lantr  end  of  the  equalizing  valve  lever.    The  tap- 

>  are  spaced  sufficiently  apart   to  afford  a  degree  of 

I  notion  between  them  and  the  corresponding  end  of 

.     i    lever.       The  equalizing  valve  is   for 

n       admitting    steam    direct 

•    into  th:  and   is  shown  con 

to  the  removable  bonnet.       This    same    equalizing 

mains    the    small    exhaust    valve    that    is 

ante  will  be  hereinafter  explained. 

check  valve  is  the  one  through   which  the 

fof  c  is   conveyed    into    the    steam  trap. 

h  com  11   between   the  steam   trap  and 
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heating  pipes  will  he  controlled  at  proper 
lid  in  a  proper  manner. 

The  outlet  hargc  pipe  will  be  connected  from 

lltean  trap  with  the  water  space  of  the  steam  boiler, 
1 10  prevent  a  hack-How  of  water  from  the  boiler  into 
heck  valve  is  placed  in  the  discharge  pipe 
the  water  line  in  the  steam  boiler.  It  will  be 
that  the  discharge  pipe  extends  downwardly 
kit  and  reaches  marly  to  the  bottom  of  the 

c  is  admitted  into 
trap   the  water  I   in   said  bucket   will 

forced  to  Bow  npwardl)   through  said  syphon  pipe 
! thence  through  tin  outside  discharge  pipe  and  check 
ifler, 

The  a  of  tin    'Uncharge  chamber 

i  relieve  the  discharge  pipe  of  any  air  in  first  start- 

the  trap  in  0|  The   automatic  air  valve  is 

•  '  eve  an;  m   umutation  of  air  from  the  trap 

luring  its  regular  in. 

Operation  of  the  Trap  in  Connection  wi/h  a  Heating 
-In  ial  way  the  operation  of  the  trap  in 

-i   mill  a  I  system  will  be:     The  water 

n  the  coils  (or  heating 
t)  through   the  inlet   check   valve  and  opening  IT 
m,  Fig.  2)  Into  the  space  G  between 
■nd   outer  ease,  the   bucket    V   will  begin  to 
I.;,     the    floating    power    of    the 
ir<!  between  the  bucket  and  the  casing  when 
locket   is   tilted   sufficiently.      The   ball   weights  C 
Uineted   guides  A  to  the  side  of  the 
'  "..•.  I-.  adjacent  to  the  hinge  joint,  thereby  pro- 
*l^  "  the  tilting  movement. 

ke  tilti  efcrred  to  will,  through 

Wioaof  tht  I  bring  the  inlet  equalizing 
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steam  valve  J  on  its  scat,  at  the  same  time  through  the 
action  of  the  Wive  lever  it  will  lift  the  exhaust  valve 
from  its  scat. 

The  water  will  continue  to  flow  through  the  open- 
ing H  into  the  space  G,  and  when  the  space  is  filled  it 
will  flow  over  the  upper  edge  of  the  bucket.     When  the 
bucket  hM  become  nearly  filled  with  water  the  prepond- 
erance of  weight  causes  the   bucket  to  tilt  downward, 
causing  the  ball  weights  to  roll  on  the  guides  to  the  op- 
posite side  of  the  bucket,  thereby  providing  a  sudden 
impulse    downward,    and    in    making    such    downward 
movement  the  upper  tappet  E  on  the  valve  rod  B  will 
touch  against  the  inner  end  of  the  valve  lever  1  ami  siul 
denly  open  the  inlet   equalizing  steam   valve  J   for  the 
admission    of   boiler   steam.     After   the   pressures   have 
been    equalized    between    the   trap   and    the   boiler,  tin- 
water  will  begin  to  gravitate  out  of  the  bucket  rhr.  l 
the  syphon  pipe  D,  passing  through  the  pipe  D  and 
charge  check  valve  into  the  boiler.     After  the  water  ha« 
been  nearly  all  discharged  from  the  bucket,  the  water 
between  the  bucket  and  outer  case  will  cause  the  bit 
to   move    upwards.     When   said    bucket    is   tilted   suffi- 
ciently, the  ball  weights  C  will  again  roll  to  the  side  oi 
the  bucket  adjacent  to  the  hinge  joint,  and  as  before  ex- 
plained suddenly  close  the   inlet  steam   valve.     After  a 
few  seconds,  from  condensation  (or  the  escape  of  steam 
through   the   exhaust  opening   M)    the  pressure  in  the 
trap  case  will  become  enough  reduced  so  that  the  con- 
densed water  from  the  system  will  again  enter  the  space 
(i  and  will  continue  repeating  the  operations  as  before 
described. 

THE  ANDERSON  STEAM  TRAP. 

Construction. — In  Fig.  108  is  shown  a  sectional  view 
of  this  trap,  from  which  can  be  seen  its  general  construe- 
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lion,  While  belOW  the  cot  ia  given  its  general  sizes  ami 
dimensions. 

THE  BRANCH  STEAM  TRAP. 
Fig.   i.m. 

Construction. — Tlu-   illustrations    represent    tin* 
tcrior   and    interior    respectively    of   the    Branch 
Trap.     By  referring  to  the  sectional  view  it  will  be  se 
that    while  the  construction    of  the  trap  is  c 
simple,  its  action  is  based  on  a  system  of  double 
which  is  entirely    new.      This  trap  consists  of  ;i  c.n 
Cylinder  with   a  heavy  flange  at  the  upper  end   to 
is  bolted  the  cap  of  thi    trap.     This  cap  i- 
as  to  permit  either  a  vertical  inlet  For  the  >r  hori- 

zontal, as  may  he  desired.  The  working  parts  COflSM 
of  a  system  of  double  levers  operated  by  means  of  a 
cupper  float,  through  which  passes  loosely  a  roil  ' 
a  valve  at  its  lower  end  and  a  nut  at  its  upper  end  whirh 
is  acted  upon  by  the  levers.  The  extreme  sensitiveness 
and  effectiveness  of  this  trap  is  apparent  from  the  fol- 
lowing example:  Assuming1  the  weight  of  the  float,  w 
be  9  pounds,  normal  line  of  Rotation  6  inches  above  th' 
bottom  of  the  tlo.it.  diameter  of  salve  I  l/16-inch  or  37.I* 
arca  in  square  inches  and  the  boiler  pressure  100 
pounds,  then  the  pressure  on  this  valve  is  equi 
pounds.  Rati.,  of  lower  lever  is  2.5:1.  Ratio  of  upper 
lever  is   2:1.      Therefore    1    pound    pre  gainst  Uk 

underside  of  the  free  end  of  the  lower  lever,  is  equiva- 
lent  to   5    pounds    pressure   of    the    upper   lever    a 
tin-  underside  <>f  the  lifting  end  of  the  valve  stem. 

That  is  to  say,  when  the  float  is  pressing  against  di 
lower  lever  with  a  force  of  say  7.60  pound-.,  the  lifting 
force  of  the  upper  lever  on  the  valve  spindle  will  l« 
7.60x5   or  38    jKHinds,    which    is   sufficient    to   raise   the 
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valve,  and  allow  discharge  of  condensation.  The  le* 
of  the  condensation  when  the  Boat  is  about  to  lift 
valve,  is  II  inches  above  the  bottom  of  the  float,  wl 
insures  the  trap  to  carry  at  all  times  plenty  of  watt 
The  valve  will  close-  instantly  when  the  water  <lro) 
slightly  below  its  level  when  lifting  the  valve,  thert 
causing  the  float  to  drop  out  of  contact  with  the  k>' 
lever.  The  efficient  manner  in  which  this  trap 
handle  large  sudden  floods  of  water  Ls  at  once  appan 

It  will  therefore  be  seen  that  by  the  employment 
the    Branch    System   of   double    levers,   that   the 
force   or  efficiency  of   the  float  fs   increased   five  tin* 
thus  makinp  tin-  the  most  sensitive  steam  trap 
market.     The  valve  is  provided  with  a  removable  ! 
which   can   be   replaced  at  any  time  from   the  outs 
The   trap    is    designed    to   work   successfully   im 
pressures  from   i    to  250  pounds,  and  to  deliver 
against  any  back  pressure  not  exceeding  3  pounds 
than  the  pressure  of  steam   in   the  trap.     All   traps 
furnished  with  a  glass  water  gauge,  blow-off  cocks, 
arc  tapped  suitable  for  any  sire  of  pipe. 

THE  BUNDY  RETURN  STEAM  TRAP. 
Fig.  no. 

Construction. — This  return   steam   trap  is  govern 
in   operation    by   the    dead    weight   of   the    water.    1 
fcrring  to  Fig.   110,  the  machine  consists  of  a  cat 
receiving   bowl   elongated   to    form    a   neck,    the   wh 
mounted  on  a  frame  of  cast  iron,  with  a  steam  valve 
an  air  valve  underneath   the  steam   valve,  and   a   h 
zontal  lever,  with  a  balance  weight,  resting  on  the 
and   extending   horizontally   over    the    receiving 
Water  will  flow  into  the  receiving  bowl  until  the 
of  the  bowl  and  water  combined   is  sufficient  to 
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come  the  weight  of  the  counter-balance  and  cauM 
bowl  to  drop  down   bo  th<  ol  the  ring.    ] 

see-saw  notion  Imparted  to  the  valve  stem  of  the* 
valve  on  the  front  oi  the  trap,  through  a  ring  <ir  r 
extension  piece  which  ■-  screwed  into  the  neck  ol 
receiving  bowl,  and  swung  on  lateral  trunnions, 
steam  valve  is  opened,  admitting  live  steam  from 
boiler  and  permitting  thi  f  the  receiving  I 

to    pass   into   the    Ixiiler   by   gravity.     The  trap  it 
placed  3  feel  higher  than  the  water  line  of 
and,  by  equalizing  the  pressure  on   the  tra 
pressure  on  the  boiler,  and  with  3  feet  head,  the 
must  leave  the  trap  and  go  into  the  boiler.     The 
valves  shown   arc  placed   respectively,  one  in   the 
pipe  and  the  other  in  the  discharge  pipe.     When 
the    counter-balance    weight    pulls    the    rccc! 
buck   to   it-   original    position   and   opens   the 
permitting  the  trap  to  vent  itself  of  steam  and  air, 

THE    BUNDY    RETURN   STEAM    TRAP 
OVER  BOILER. 

Fig.  111. 

Construction. — From   this  cut  can  be  s< 
open  steam  trap  oilei  3  Net  at 

water  line,  can  be  made  illy, 

of    condensation    from    coils    or    heating    appar 
steam  using  machines  gathers  in  receiver  K.  cat 
pipe  being  fitted  with  check  valves,  C  V.     Cond 
passes  through  pipt     \  and  enters  the  n 
the  trap  through  the  intake  check  valve.     At  dit 
live  steam  from  the  boiler  enters  the  trap  thronf 
1  .    the    water    passing    from    the    trap    into    the 
through    pipe   B.     When   empty,   the  exhaust    from! 
trap  passes   through    pipe  D  and  is  usually   di 
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into  the  ash  pit  of  the  boiler.  An  extra  check  vaht 
and  stop  valve  should  be  placed  in  pipe  B  below  the 
water  level  of  the  boiler,  as  indicated  in  Fig.  in.  Pipe 
1)  must  In-  connected  into  the  boiler  as  far  below  th 
water  line  as  possible,  preferably  into  the  blow-off  of 
horizontal  tubular  boiler.  No  othet  iced  pipe  fron 
pump,  <>r  injector,  or  apparatus  of  Ml)  description 
lowed  to  be  connected  into  the  boitei  through  pipe 

Pipe  C  must  communicate  directly  with  the  steam  Space 
of   the   boiler.     There   must    be   enough   pressure  of  liv 
steam  or  head  of  water  to  lift  the   condensation   from 
receiver    R    into  the  trap.     One    pound    pressure 
quired  for  each  2  foot  elevation. 

These  return  traps  arc  frequently  used  as  '"lifiiti 
pumps"  to  elevate  water  or  other  liquids  from  one  level 
to  a  higher  one;  also  to  extract  condensation  from  ex- 
haust pipes  of  condensing  engines  subject  to  vacuum; 
in  other  cases  as  water  meters  to  measure  and  weigh 
the  quantity  of  water  discharged  from  steam  using 
paratus  within  a  given   time. 

THE  BUNDY  TANK  STEAM  TRAP. 

Fig.   1 1 2. 

Construction. — This    trap    is   designed    to   dischar 
c.jfidrusation  into  the  atmosphere,  into  open  or  closed 
receiver,   bul   never  directly   into  the   •-team   boiler.     Its 
operation   is  governed  by   tin-  dead   weight  of  the   water 
in  precisely  the  same  manner  as  the  return  trap.  \Y! 
the  trap  is  discharging,  however,  the  water  out 

of  the  trap  through  the  steam  valve,  which  valve  is 
closed  tightly  by  the  return  motion  of  the  receiving 
bowl.  Place  tin-  trap  below  the  heating  coils  or  steam 
using  apparatus  from  which  it  is  to  receive  condensa- 
tion.    Connect    the    intake    pipe    into   the    opening    pro- 


>ugh  the  right  band  trunnion,  through  an  interior 
the  right  hand  horn  of  the  yoke,  and  through 

valve    For  each  pound  pressure  carried   ii,. 

II  elevate  the  water  about  2  feet. 

THE  CURTIS  BALANCED  TRAP. 

nstruction. — In  Fig.  113  is  shown  a  sectional  view 
trap,  from  wi  teen  its  general  construc- 

tor below  tin-  rut  is  given  it-*  general  sicca  and 

THE  DAVIS  STEAM  TRAP. 
Fig.  114. 

Ction. — This  trap  is  a  Continuous  flow  trap 
for  general  service  and  Suitable  f'>r  use  in  con- 
with  either  high  or  low  pressure  work.  All  the 
parts  »r<-  attached  direct  to  the  cover,  and  may 
red  without  disconnecting  the  pipes.  The 
vhich  control  ill'  discharge  of  the  condensation, 
need  at  every  point  of  their  throw  and  are  so 
ted  that  the  inevitable  dirt,  grit  and  sediment 
r.ter  the  trap  will   not   interfere   with  its  opera- 


Tin-  Curtis  Bnlaucod  Strum  Trap. 

Fix    M ;: 

Sites  and   Capacities 

No. 

000. 

1.000  fcpt     y,  inch  Inlet  and  outlet 

No. 

00. 

1.G00  feet    Vi  inch  Inli  i  and  outlet 

No. 

0. 

8,600  foot     V,  Inch  inlet  and  Otttlel 

No. 

1. 

4,000  feet      9J    Inch   tnl.-i    and    01 

No. 

■1. 

7,000  feet  1       Inch  Inlet  and  outlet 

No. 

2%. 10.000  feet  1%  Inch  Inlet  and  outlet 

NO. 

3. 

15.000   red   l'i   Inch  inlet  and  ouilvt 

No. 

4. 

2C.000  feet  2       Inch   Inlet  end  outlet. 

No. 

6. 

45.000  feet  3      Inch  Inlet  and  outlet. 
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THE  KIELY  STEAM  TRAP. 
Construction. — In  Fig,  115  is  shown  a  sectional  view 
his  tt  '  •'  li  cat    !•■   seen  its  general  oonstruc- 

.  while  below  Ihi  given  its  general  sizes  ami 

■nv 

THE    MARCK    STEAM    TRAP. 
Fig.  116. 

Construction. — This  trap  as  can  be  seen  by  the  il- 
onc  movable  part,  which  consists  of 
tube  bent  in  a  crescent  shape,  the  lube  I"  m!; 
of  a  selected  metal,  and  capable  of  standing 
•ire.     This  tube  is  filled  with  a  liquid, 
at    .  llrcnhcit,    instantly    becomes 

bis  gas  is  so  great,  that 
traighten   the  tube   which  causes  the  valve 
led    thereto   to   press   against  the  valve  seat, 
ing  the  trap.     The  moment  the  temperature 
less  than  21a  degrees  Fahrenheit,  the  gas 
a   liquid,   the   tube   immediately   assumes 
il  wing  the  valve  stem  away  from 

ling  the  trap,  and  the  trap  will 
tube  is  again  heated  to  213  de- 
Fahrinlii  or. 

THE  McDANIEL  STEAM  TRAP. 
Construction. — In  Fig.  117  is  si*  ten  .1  sectional  view 
n  which  can  be  seen  its  general  construe- 
t»hilc  below  tin    cut  is  given  its  general  sizes  and 


THE    NASON    STEAM    TRAP. 

Fig.   118. 


Construction. — A    cast    iron     reservoir    or    pot     B 
N  with  10  provided  with  two  cored  passages 


I 


Sixca  and  Capacities. 

Number 00  °  ] 

Inlet  and  outlet  tns       V,  % 

Capacity,  lineal  feet  __  ___. 

of  1-inch  pipe....   1.500  3.000  6.5O0 

Weigh.,   Iba 26  40  60 


15.000     SO.fl 
M  12t 
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11  open  float  I)  which  is  fitted  with  a  ribbed 
nii/c  H  fur  its  guidance.     \  housing  or  sleeve  F  is 
vtii  centrally   Into   the  under  side  of  the  cover  G, 
°d  within  it  the  spindle  II  glides  smoothly,  permitting 
abort  vertical  motion.     The  top  of  the  spindle   H  is 
round  flat  and   its   upward   movement    is   arrested   by 
ling  in  contact  with  the  bronze  plug  K.  having  a  cen- 
tal opening,  the  two  surfaces  thus  constituting  a  dis- 
charge valve  for  tl  ips. 

LOne  of  the  Cored  passages  in  the  cover  alluded  to  is 
the  discharge  of  water  from  the  trap  after  passing 
hrough  the  valrc  E.  and  the  other  serves  as  a  by-pass, 
w  permit  any  large  volume  of  air  or  water  to  be  blown 
hrough,  when  starting,  without  going  through  the  dis- 
charge valve.  Valve  K  gives  entire  control  of  this  ae- 
i'  .n . 

Operation. — The  trap  being  so  placed  that  the  water 
*f  condensation  flows  into  it  by  gravity,  the  discharge 
Men  at  the  point  marked  "inlet"  and  passing  through 
the  cored  openings  A  A  into  the  body  of  the  trap  B,  a 

ragm  C  above  the  float  U  diverts  the  water  of 
condensation  into  the  pot  or  body  of  the  trap  B,  where, 
gradually  riving,  it  raises  the  float  D,  thereby  closing 
the  discharge  valve  E.  Valve  K  being  closed,  dis- 
charge from  the  trap  is  shut  off  and  remains  so  until 
fa  Boal  D  becomes  nearly  filled  from  the  overflow  of 
water  into  it.  when  its  weight  becomes  such  that  it  over- 
1 1 1 <-  tendency  of  the  discharge  valve  R  to  remain 

I.  being  held  there  by  steam  pressure,  and  it  drops 
'"  the  bottom,  thereby  opening  the  discharge  valve  E. 
Acting  on  the  surface  of  the  water,  the  steam  pressure 
immediately  drives  it  up  through  the  sleeve  F  (as  in- 
dicated by  arrows),  through  the  discharge  valve  E,  and 
thence  bj   way  of  the  cored  passage  to  the  "outlet" 


The  Kieley  Steam  Trap. 
Fig.  116. 


Sizes   and   Capacities. 


||M 

Nos. 


Sir. 


Intel  and  Otlllcl 
Connection* 


Cnpanly 
Lineal  Fl 
l-ln  Pipe 

4.000 

C.00O 

lo.niin 

16,000 

15,1 

86,000 

OO.OUO 


C«p«'iir 

Ha   Feet 
Kail  1,11 1.--11 

:.:mh 

fcOOfl 

3,300 

■.'"HI 

8.300 

11.600 

1C.500 


» 


NKKKJNG. 


When  the  float   I)  has  been  nearly  emptied  it  he- 
mes so  light  that  it  is  again  raised  by  the  water  sur- 
■ounding  it,  thus  closing  the  discharge  valve  E,  and  the 
{Deration    is    repeated.     The   weight    of   the   float   D   is 
uch  that  a  permanent  water  veal     always  remains  over 
£hc  point  of  discharge  into  the  sleeve  F,  thus  prevent- 
g  escape  of  live  steam   when   the   discharge   valve   E 
open. 

From  the  above  description  it  will  be  observed  that 

|the    valve    action    is    purposely    tntermittment,    which 

tates  that   it  shall   be  either  wide  open  or  com- 

■lelely  closed.     The  lift  <>i  the  valve  is  thus  definitely 

Iprolongeil  and  danger  of  leakage  at  this  point  reduced 

a  minimum. 

THE  RELIANCE  STEAM  TRAP. 

Construction. — In  Fig.  Ita  is  shown- a  sectional  view 
id  this  trap  from  which  can  a  its  general  construc- 

tion, while  below  the  cut  leral  sizes  and 

dimensions. 


THE    WRIGHT 


'EMERGENCY' 
Fig.  120. 


STEAM    TRAP. 


Valves  at  Top. —  Three  steam-tight  outlet  valves 
arc  employed  instead  of  one.  These  valves  arc  placed 
at  the  highest  point  of  the  trap,  where  they  arc  entirely 
removed  from  the  inevitable  grit,  scale  and  sediment, 
and  therefore  will  nol   become  inoperative  from  these 


1  causes. 

In  Emergencies. — The  action  of  this  trap  in  emer- 
gencies is  instantaneous,  a  feature  which  renders  it  in- 
lablc   for  many  uses.     The   discharge  from   each  of 
the  valves  being  continuous,  is  very  great — much  greater 
than   is  possible  with  an   intermittent  trap. 


The   Marck  Steam   Trap 
Fig-  116. 


The  McDanlcl  Improved  Steam  Tr»p. 
Fig.  117. 

Sii«s  and  Cupucitli-s — Reuular  and  Low-Preaaure  Traps. 


Trap 

NiIIIIInT. 

12 
13 

H 
15 
16 

17 
IS 


Sir.-  (.1 

Inlet  and 

Outlet 

Standard 

Pipe  hi»o 

Vi  Inch 

14  Inch 

1      Inch 

1%  Inch 

1V4  Inch 

l      Inch 

2V4  Inch 


t>rnlti»Kr 

Linear 

Keet  .-I 

i-Hich  Pipe 

" 

H.oon 

■-.' 

15.000 
20.000 

-:■ 


..r 


i  thus  filled,  the  float  rises  and  opens  the  center 

l  in  i  lu-  enlarged  view  of 
arrangement,  shown  on  page  378.) 

opened  slightly,  if  there  is  hut  little 

Kng  in.  but  widely  in  event  >>f  .1  muMch  m 
ralve  is  equal  to  1  k  of  taking  care 

litions,  bul   if  the  water 
rap  faster  than  one  valve  can  discharge 
te  water   rises  in  the  trap,  carrying  the   float   with 
d  opening  valve  No.  2  sufficiently  to  discharge  the 
lus  n   if  necessary.     Valve    No. 

manner,  providing  for  the  full 
city  of  the  inlet  pipe,  but  it  rarely  happens  that  the 
me  o  ling   into   the    trap    is  suffi- 

;  '  rapacity  of  all  three  valves. 

inl  is  able  to  do  all  the  work, 

in  reserve  for  emergencies. 

THE  HANCOCK  INSPIRATOR. 

Construction. — In  IV  shown  a  sectional  view 

r.  from  which  it  can  be  seen  that  its  con- 

iction  is  very  similar  to  that  of  the  ordinary  injector. 


'I'll.-   Ktliano-    SI. miii    Trap. 

Fig.  118 

Sizes   and  Capacities. 


8I10 

SUe  ot  Connection 

Discharge  per  min    .  ... 

Feet  ol  one  Incli  pipe  Trap  will 
ar»lQ  .  


1 

■J 

3 

| 

i 

,'i  In 

XIII 

1  in. 

I   ,  in 

iK  to. 

lib*. 

7  1b*. 

10  lbs. 

23  1b*. 

10  lb* 

l.Otll 

3.000 

I..M. 

1.500 

ll/JOO 

t 

tia. 

u  m 
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onnecting  to  steam   pipe  used  for  other  pur 
me  time. 

13.  Water  supply  too  hot 

14.  Mol  reading  instruction  card  before  connecting 

injector 

15.  Overtaxing  injector  beyond  claims  made  by  the 
manufacturers. 

To  Test  For  Leaks.— When  a  new  "Pcnbcrthy"  in- 
jector fails  to  work,  one  of  the  most  frequent  causes  of 
trouble  is  a  leak  in  suction  pipe.     To  ascertain  if  this  is 
tHeca.se,  fasten  down  the  overflow  valve  "!',"  by  placing 
WOOd  or  cork  uncle!    ih  If  possible 

close  the  lower  end  of  suction  pipe  and  then  turn  on 
ttetni,  which  will  blow  back  through  SUCtion  pipe  aru! 
appear  at  the  leak  if  there  be  one. 

Where  an  Injector  Lifts  Water  But  Will  not  Force 
to  Boiler. — This  may  l>e  due  to  a  leak  in  water  supply 
pipe  but  IS  more  often  caused  by  some  obstruction  tu- 
reen the  injector  and  the  boiler.  1 1  often  happens  that 
the  end  of  the  feed  pi|  choked  up  with  lime 

aliment;  we  have  seen  a   >.1-inch  pipe  reduced  in  this 
I  «ir  to   ;$-inch.     Sometimes   the   injector   is  compelled 
1    through  a  heater  that  is  old  and  contains  man) 
ooib  of  pipe  partially  clogged   up.     If  yotl  can.  place  a 
tteam  gauge  in   feed  pipe   near   injector;   if   it   indii 
several   pounds  ovei    boiler  pressure  when   it  breaks,  it 
in  obstruction.     At  50  to  100  pounds  pressure  the 
•ishy"  will   force  against  a  pressure  of  75  to  135 
pounds,  showing  25  to  35  pounds  over  pressure,  hence 
it  will  force  at  least  a  part  of  the   water  to  the  boilei 
BDtil  the  obstruction  i>  sufficient   to  create  a  hack  pres- 
sure equal  to  this. 


STEAM 


, 
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THE  METROPOLITAN  AUTOMATIC  INJECTOR. 
Fig.  81. 

Pira.— 

S— Steam  Jet. 

V— Suction  Jet. 

C-D-R— Combining  and  Delivery  Tube  and  Auxil- 
■*  Check. 

P-Ovcrflow  Valve. 

O-Steam  Plug. 

K— Steam  Valve  and  Stem. 
\-Packing  Nut 

team  Valve  Handle. 
A— Coupling  Nut. 
B-Tail  Pipe. 
X— Overflow  Cap. 
F.-.\ut  (or  Stem   M. 

Construction. — By  unscrewing  the  steam  plug  O, 
•team  jit  S  is  removed.  The  suction  jet  V  is  screwed 
I  the  inje* ■; 

The  combining  tube  C-D  is  made  square  on  the  end 

ie  removed  by  an  ordinary  monkey  wrench. 

ireful  thai  the  ring  K  is  not  i>^t;  also  that  it  is  on 

abe  in  the  position  as  shown  in  the  cuts.    Be  sure 

ied  up,  and  that  the  small  slots 

-  are  clean. 

THE  DETROIT  STOKER. 

notion. — In   Fig.    123   is   shown  a  perspective 
1  <l  this   stoker  a-  applied  to  a  horizontal   tubular 
Bk. 

THE  RONEY  MECHANICAL  STOKER. 

Construction. —  In   Fig.   124   is   shown   a   perspective 


ker  as  applied  to  a  horizontal   tubular 
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pper  falls  in  front  of  the  ram  at  its 

it  is  carried  up- 

ing  expedited  and 

■!   within    the   retort   by   the 

(I  which  ni  effect  is  prac- 

ra:n.  operation  is  continued 

trvaK  -ecu   coal    is  always   forced   upward 

nt  does  it  reach  the  fire 

ttion  of  the 

I   of 

ig  delivered  by  a  blower 

lln--  air  is  de- 

inarilv  termed  tin-  ;is]i  pit  in  com- 

becomes    practically   a  scaled 

he  space  between  the  upper  edge  of 

wails  is  covered  with  cast  iron 

ncedcil    fur    combustion    <•-. 

lining  tin    tipper  edge  of  retort  and 

ween  the  green  coal   and 

niddle  stage 

ing  on,  tin-  ;tii  combining 

li    are    I  I  in:;    l  ■  li  ..-  .1    by    the    in!. 

of  green   fuel  enter 

coal  i--  gi  i'  ml  to  the 

anil   the  gases  passing  up- 

uined.     This  will  account 

h   the   fuel   i-  burned. 

■  «ec  ct   combustion    and   a  smokeless 


V 


iiportant    feature   and    one   absolutely   dis- 

iinder-fccd  system  is  the  automatic  regu- 

and  air  supply.     Hy  the  use  of  a 

echo  .1-!;:  ili      t<  ;nii  controls  absolutely 

junt  of  fuel  admitted  to  the  furnace,  and  in  the 

operation,    the    quantity   of    air    delivered,   always 
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these  ele  to  each  other  and  to  the 

;i  suddenly  imposed  load  causes 
isure   t.>  fall.   th<  feet  increases  the 

ncrcascs  in  proper  propor- 
th'  air.     Ii"  tin    reverse  is  the  case  and 

suddenly   i  d  of 

e  the  output  of  air.  this  rcci- 
!  under  all  conditions  of 
atic  regulation 
■  that  i  of  fuel  is  being  burned  as  is 

«b»olutely  necessary,  and  in  ;i  plant  subject  to  intermit- 
tent load*    the    greatest  economy   in   the  production  of 

the  demand  for  steam  is  met 

nditurc  for  fuel, 
cs  Stoker  may  he  character- 
fire  a  steam  boiler  most 
considerations  of  saving 
iacity,  likewise  efficiency,  and  with 
intenancc  due 

•     CURTIS  DAMPER  REGULATOR. 
Fig.  126. 

tion.— The    regulator    <■"      Is    of    a    umipo 

»  which    i-    .,    piston    iiiti  i|    with 

In    a  chain. 
m|H  i.  on    which 
Ejhl     mil.  ienl  rhaul   the   piston   anil 

II  i    .up,    ordinary    friction. 

•i  is  controlled  by  a   metallic 
•vvl,  ilvc,   altcrnati  I  .    •  1" 

3j  »,,  iper,  as  the  boiler  pressure  in- 

The  regulator  is  fa-i.in  .1  to  the 


**Hoaai   View. 


T"-  Jwi 


■st- — 
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boiler,  and  the  lower  pipe  to  the  drain,  ash  pit  or 
■iter. 

The  normal  condition  of  the  damper  is  to  be  wide 

«n,  the   weight  holding  it  in  that  position.    To  oper- 

t.  a  given  load — say  60  pounds  to  the  inch — is  pro- 

on  the  regulator  diaphragm  by  screwing  the  han- 

ben    the   pressure    in    the   boiler   reaches   60 

nds  it   lifts  this  load,  and  permits  steam  to  enter  the 

ice   over    the    piston,    slowly    pushing   it   down,   and 

sing   the    damper.    When   the  boiler  pressure  falls 

ow  60  pounds  the   valve  closes,  and  the  pressure, 

sing  from  the  top  to  the  bottom  of  the  piston,  puts 

:  piston  in  equilibrium  and  allows  the  weight,  slowly 

tling  down,  to  open  the  damper,  thus  controlling  the 

assure  at  the  desired  limit. 


I'lii'   Curtl«   Damper   K.milali* 


CHAPTER  XI. 

QUESTIONS  AND  ANSWERS. 

Q.   What  are  the  two  principal  requirements  in  the 
nnagtment  of  a  boiler? 
A.  The  proper  firing  of  the  boiler,  and  the  keeping 

tcletn. 

Q.  How  should  a  boiler  be  fired  t 

A.  Tlie  fire  should  be  started  so  as  to  burn  slowly 
it  first,  gradually  heating  all  parts  of  the  boiler  and  set- 
ton?.  In  this  way  strains  and  injury  to  the  metal  is  al- 
most entirely  avoided. 

Q.  Why  should  the  boiler  be  always  properly  filled 
with  water? 

A.  In  order  to  keep  the  water  in  contact  with  one 
[■de  of  all  metal  of  the  boiler  exposed  to  the  fire  or  heated 
P»«.  When  iron  or  steel  is  heated  to  more  than  600 
kgrtes  Fahrenheit  it  becomes  weaker,  and  it  is  there- 
by necessary  to  keep  water  in  contact  with  the  metal 
prevent  it  attaining  this  high  temperature. 
Q.  How  is   a   boiler  cleaned? 

A.  The  work  of  cleaning  a  boiler  consists  of  re- 
I***8  the  hand-hole  and  man-hole  plates,  the  boiler 
fc*  being  emptied.  The  mud  and  loose  scale  is  then 
•Bped  out,  and  the  whole  interior  of  the  boiler  thor- 
ny rinsed  out  with  a  hose.  Should  the  scale  be  too 
■i  to  remove  this  way,  it  must  then  be  removed  with 
'bmrner  and  chisel,  or  some  other  mechanical  device. 

Q.  How  often  should  a  boiler  be  cleaned? 

A.  This  depends  largely  upon  the  amount  of  water 
fcboiler  is  evaporating,  and  upon  the  quality  and  purity 
'Ac  water. 


_ 
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Q.     What  arc  the  principal  requirements  in  the  op- 
eration of  a  boiler? 

A.  Before  filling  the  boiler  with  water,  a  careful 
examination  should  be  made  to  sec  that  nothing  ha 
left  inside  «>f  it.  The  manhole  and  hamlhole  j>laic> 
should  then  be  replaced.  The  li'ilii  should  then  t* 
filled  until  the  water  shows  at  least  half  way  up  in  the 
gauge  glass.  Then,  and  not  till  then,  should  the  fire 
under  it  be  lighted. 

Should  the  boiler  be  one  of  a  battery  of  boiler 
should  not  be  cut  into  service  until  it  has  the  same  pre*- 
sure  as   the  other    boiler  or   boilers.     The   stop    valves 
should  be  opened  slowly  in  order  to  avoid  any  sudden 
change   in  temperature  and   excessive  expansion  in  the 
piping.     When  the  boiler  or  boilers  have  been  cut  into 
service,  the  feed  water  for  same  should  next   be  care- 
fully regulated.     Shortly  before  shutting  down   for  the 
night,  the  boiler  should  be  filled  to  the  top  of  the  water 
glass,  so  as  to  allow  for  evaporation  or  any  leakage  dur- 
ing the  night. 

Q.     What  is  meant  by  priming'? 

A.  It  is  the  water  in  the  boiler  being  carried  over 
into  the  steam  pipes  and  tin  net  to  the  engine. 

Q.  What  are  the  most  common  causes  of  priming? 
A.  They  are  (i)  insufficient  boiler  power;  (2)  defective 
design  of  boiler;  (3)  water  carried  too  high;  (4)  irregular 
firing,  and  (5)  sudden  opening  of  stop  valve. 

Q.     What  is  foaming  of  a  boiler. 

A-     It  is  water  which  is  carried  over  from  the  boile 
the  same  as  in  priming,  but  it  is  due  entirely  t . .  tin   . 
dition  of  the  water.     The  water  does  not  lift  in  foaming 
as  it  does  in  priming,  but  simply  foams  over,  due  to  the 
dirt  or  grease  contained  in  it 
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What  is  the  only  effective  prevention  of  foam- 


*•' 


A.    The  use  of  pure  water. 

Q.    What  should  be  done  in  case  of  foaming? 

A.    deck  the  draft,  and  cover  the  fires. 

Q.    What  should  be  done  in  case  of  low  water? 

A.  Cover  the  fire  with  ashes  or  green  coal,  leave 
6e  furnace  doors  open  and  close  ash  pit  doors. 

Q.  Should  the  safety  valve  be  opened,  the  engine 
|*opped  or  the  stop  valve  closed  in  such  a  case? 

A.    No,  simply  stop  the  source  of  the  heat. 

Q.  Should  the  pump  or  injector  be  started  or 
^topped? 

A.   No.  leave  them  as  they  are.     If  they  are  not 

ning.  the   sudden    introduction    of   water    upon    the 

ly  heated  plates  would  cause  too  rapid  evaporation 

p  the  water.     Do  not  start  either  until  the  boiler  has 

P  sufficient  time  to  cool  down. 

Q.   How  often  should  a  boiler  be  inspected,  both 

illy  and  internally? 
A.  At  least  once  every  year  by  conscientious  and 
tent  officials. 

Q-  What  are  the  two  principal  ways  of  inspecting 

kMer? 

'A.  By  the  hammer  test,  and  by  the  hydrostatic  test. 
Q-  How  is  the  hydrostatic  test  applied? 
A.  The  boiler  is  filled  full  of  water  and  pressure  ap- 
*  by  means  of  a  pump,  which  pressure  should  be  con- 
Wy  more  than  the  working  pressure  carried  on  the 


Q-  Why  is  it  necessary  that  only  the  pressure  re- 
I for  safety  be  placed  upon  the  boiler? 
A  In  order  to  avoid  straining  the  plates. 


CHAPTER  XII. 

BOILERS  FOR  HEATING  PURPOSES. 

No  branch  of  engineering  has  made  as  rapid  strides 
in  tin-  last  few  years  as  sanitary  engineering,  which  re- 
quires a  thorough  knowledge  of  heating  and  ventilation. 

Steam  and  Hot- Water  Heating. —    The  coal  a' 
air  furnaces  with  their  expense,  dirt  and  inconveniences, 
have  given  way  to  steam  and  hot-v  ater  systems  of  heal- 
ing, affording  a  luxury  to  the  rich  and  poor  alike  which 
was  formerly  unknown. 

The  various  systems  of  heating  by  steam  may  be 
classed:  dl  high-pressure  systems;  (a)  low-pressure 
systems:  (3)  vacuum  or  exhaust  systems. 

I  "ii.U  1  iln  (|;isS  of  high-pn  ssure  systems  arc  all  sys- 
ti  in-  that  require  for  heating  a  greater  boiler  pi 
than  IS  pounds  per  square  inch;  in  the  second  els 
those  that  operate  between  15  pounds  boiler  pressure  ami 
the  atmospheric  pressure,  while  in  the  third  class  are  all 
mis  that  work  at  a  lower  pressure  than  the  atmos- 
phere: that  is.  require  a  partial  vacuum  for  their 
successful  operation.     Each  of  these  sj  a  turn  en»y 

be  subdivided  into:     (1)   the  one-pipe  system;   (2)  the 
two-pipe  system;  (3)  the  two-pipe  system,  ;arit« 

return    risers;    (4)    the    overhead    main,    or    drop  - 
system. 

These  subdivisions  are  further  subdivided  into  grav- 
ity return  systems  and  forced  return  systems. 

In  the  gravity  return  system  the  condensation  flov 
back  to  the  boiler  by  gravity.     To  operate  this  system 
is  therefore  necessary  that  the  full  boiler  pressure  I 
ricd  on  the  entire  heating  system,  which  is  unsafe  and  ir 
practical,  and  it  therefore  is  not  much  in  use. 


STATIONARY  ENGINEERING.  395 

In  the  forced  return  system  the  condensation  is 
3rced  back  into  the  boiler  from  the  return  mains  of  the 
Vstem  by  the  use  of  a  pump,  steam  trap  or  steam  loop. 

0  operate  this  system  a  reducing  valve  is  necessary, 
hich  valve  is  placed  on  the  steam  supply  pipe  to  the 
'stem.  This  system  is  most  generally  used,  having  the 
Ivantage  of  both  safety  and  economy. 

The  main  difference  therefore  between  steam-heat- 
g  systems,  is  the  method  of  returning  the  condensa- 
jn  to  the  boiler. 

One-Pipe  System. — This  system,  as  shown  in  Fig. 
27,  is  the  simplest  form  of  heating  systems,  and  is  the 
/stem  now  universally  used,  when  the  building  or  the 
sace  to  be  heated  is  not  too  large.  The  steam  from 
ie  boiler  is  carried  to  the  risers  through  one  pipe,  the 
3ndensation  flowing  back  through  the  same  pipe, 
iiereby  causing  the  steam  and  condensation  to  move  in 
pposite  directions,  which  is  a  disadvantage,  as  the 
team  becoming  wet,  may  cause  a  "water  hammer." 
Vith  proper  installation,  and  by  keeping  all  valves  wide 
'pen,  this  can  be  avoided. 

Two-Pipe  System. — This  system,  as  shown  in  Fig. 
27,  has  two  connections  for  each  radiator,  one  serving 
»  an  inlet  for  the  steam  and  the  other  as  an  outlet  for 
he  water  of  condensation,  the  steam  passing  through 
«  pipe  and  the  water  flowing  back  to  the  boiler 
hrough  the  return  pipes.  In  this  system  the  steam 
nd  water  are  carefully  separated,  and  the  circulation  is 
lierefore  much  better  in  this  system  than  in  the  one- 
ipe  system.     The  principal  objection   to  it,  is  its  first 

The  Separate  Return  System. — The  only  difference 

1  this  system  from  the  ordinary  two-pipe  system  is  that 
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radiator  is  provided   with  its  own  separate  return 


The  Drop-Pipe  System. — In  this  system  the  steam 
supply   passe*   through  a  riser  direct    from  the  boiler  to 

he  highest  point  o  rstem.    The  radiators  art-  con 

Meted  ti>  the  steam  supply  pipe  with  single  pipes,  the 
•me  as  in  the  One-pipe  system;  but  in  this  system  the 
team  ami  condensation  move  in  the  same  direction. 

L   Exhaust   or   Back-Pressure   System. —  This    system, 
shown  in   Pig.  128,  is  a  low-pressure  system,  having 
great    economical    ad\an  A    permitting    of    the 

tilization  of  the  exhaust  steam  from  engines  and 
umps,  which  would  otherwise  go  to  waste. 

The  steam-heating  main  is  connected  to  the  ex- 
aust  pipe  from  the  engine  or  pump,  also  to  a  live  steam 
iipc  from  the  boiler.  This  live  steam  when  used  is 
oade  to  pass  through  .1  pressure  reducing  valve,  which 
educes  the  pressure  to  the  amount  required  for  the 
testing  system.  Should  the  supply  of  exhaust  steam 
the  excess  will  escape  by  the  open- 
ng  of  the  back  pressure  valve  and  its  discharge  into 
ihe  atmosphere.  W  hen  the  engines  or  pumps  are 
Hopped  the  steam  in  the  heating  system  is  prevented 
backwards  and  filling  the  same  with  water, 
by  the  use  of  a  check  valve.  The  relief  valve  is  set  to 
blow  off  at  a  pressure  of  about  one  or  two  pounds 
ktfher  than  that  maintained  by  the  reducing  valve.  The 
Hfety  of  the  system  depends  on  the  proper  working  of 
this  relief  valve. 

exhaust  steam  at  5  pounds  gauge  pressure  con- 
1 '..  the  merit  of  this  system  can  at  once 
I*  seen. 

System   is   in   universal  use  for  heating  large 
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°fiice  buildings  and  entire  business  districts  where  ac- 
cess  can  be  had  to  steam  power  plants. 

The    Vacuum    System. — This    system   differs    from 
•he  exhaust  system  just  described  in  that  its  operation 
causes    no  additional   back   pressure  on   the   engine   or 
pump,  but  removes  at  least  a  part  of  the  back  pressure 
from  same,  as  a  vacuum  is  constantly  maintained  on  the 
returns.     This  further  permits  this   system  to  be  oper- 
ated  either  as  a  high  or  low  pressure  system,  and  to 
secure  its  steam  supply  from  any  source,  either  as  ex- 
haust or  live  steam. 

Generally,  the  system  is  operated  with  exhaust 
steam,  a  two-pipe  system  being  used.  The  returns  are 
connected  to  a  receiver,  which  collects  the  air  and  water 
in  the  system.  To  this  receiver  is  connected  a  vacuum 
pump,  which  removes  all  the  air  and  water  in  the  sys- 
tem, and  maintains  a  vacuum  at  any  desired  degree. 
This  pump  only  removes  the  air  and  water  from  the 
system,  which  are  discharged  into  an  open  tank,  per- 
mitting the  air  to  escape,  and  the  water  remaining  is 
pumped  back  into  the  boiler,  using  an  ordinary  feed 
pump  for  this  purpose. 

The  thermostatic  valves  which  are  placed  on  the 
return  end  of  each  radiator  to  open  automatically  when 
water  or  air  passes,  are  made  to  close  when  steam  be- 
gins to  pass. 

With  this  system  steam  can  be. used  at  a  tempera- 
ture as  low  as  140  degrees  Fahrenheit,  and  at  the  same 
time  the  capacity  of  the  engine  to  do  work  is  increased. 
As  the  temperature  of  the  steam  used  in  this  system  is 
lower  than  in  other  systems,  the  radiators  must  be  pro- 
portionately larger. 

The  Webster  Vacuum  System,  which  is  shown  in 
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is  one  of  the  best  vacuum  systems  on  the 


lot- Water  Heating. — Hot-water  systems  arc    very 

r  to  the  steam  systems  described,  except  that  hot 

lows  through  the  pipes  and  radiators,  instead  of 

The  bot-wal  em  lias  the  great  advantage, 

ease   Ol   regulation   of  the   temperature. 

itcam   system,    it    is   necessary    to    regulate    the 

Hire   by   turning  on   or   off   the  steam   entirely. 

causes  cither  too  high  or  too  low  a  temperature. 

is  operated  carefully. 

I  hot-water  system  the  radiators  can  be  kept 
id  on  at  all  times,  the  regulation  of  temperature 
%  »cik  trying  the  temperature  of  the  water 

rag  through    them.     There    are    two    distinct    hot- 
ms  of  circulation   employed,  one  depending 
Ik  difference  in  temperature  of  the  water  in  the  out- 
lied  gravity  circulation;  and  the 
forced  circulation   svstem.   in   which  a 
ployed  to  force  the  water  through  the  mains 
"gravity  circulation"  system,  is  used  for 
and  small  buildings,  and  the  latter  system  for 
mldings,  and  wherever  there  arc  a  long  run  of 
I  tb<  first  system  usually  a  sectional  cast  iron 
is  employed,  although  any  type  of  boiler  may  he 
byed.    In   the   second  or   "forced    circulation"  sys- 
heater  to  warm  the  water,  and  a  centrifugal  or 
Fig.  i  vi  i-  .1  tj  pc  of  a  sectional  cast 
boilers    should    be    regularly    in- 
r  no   boiler   under   pressure,   however    small 
tuqre  may  1.  tly  safe.     The  only  per- 

ufc  boiler  is  one  which  has  no  fire  under  it. 

in  for  hot-water  heating  costs  more  to  in- 
fect) a  steam-heating  system,  owing  to  the  differ- 
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the  room   to  be  warmed,  where  direct  radiation  is 

«*■■ 

Bathrooms  and  living-rooms  with  three  exposed 
ills  and  a  large  amount  of  glass  surface,  require  an 
lowance  of  i  square  foot  for  each  40  cubic  feet. 

Bathrooms  and  living-rooms  with  two  exposed 
■lb  and  a  large  amount  of  glass  surface,  require  an  al- 
liance of  i  square  foot  for  each  50  cubic  feet. 
I  Bathrooms  and  living-rooms  with  one  exposed  wall 
an  ordinary  amount  of  glass  surface,  require  an  al- 
Jwnce  of  1  square  foot  for  each  60  cubic  feet. 

Sleeping  rooms  require  an  allowance  of  1  square 
|ot  for  each  60  or  70  cubic  feet 

Halls  require  an  allowance  of  1  square  foot  for  each 
to  70  cubic  feet 

School  rooms  require  an  allowance  of  1  square  foot 
each  60  to  80  cubic  feet 

Churches  and  auditoriums  having  large  cubical  con- 

^nts  and  high  ceilings,  require  an  allowance  of  1  square 

t  for  each  65  to  100  cubic  feet. 

Lofts,  workshops  and  factories  require  an  allowance 

1  square  foot  for  each  75  to  150  cubic  feet. 

For  indirect   radiators   allow   at  least    50   per  cent 

surface. 
No  heating   system    can    be    successfully    operated 
^fcmt  steam  traps  of  sufficient  capacity  to  remove  all 
condensation. 

The  water  of  condensation  in  a  steam-heating  sys- 
■  is  led  into  the  steam  trap  and  thence  allowed  to 
•»  through  a  "cooling  coil,"  before  being  discharged 
h  the  drainage  system. 

Under  ordinary  conditions  for  steam  heating,  one 
J*  power  will  heat  in  brick  buildings  15,000  to  20,000 
fcfeet;  in  brick  stores,  10,000  to  15,000  cubic  feet; 
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in  brick  dwellings,  io.ooo  to  15,000  cubic  feet;  in  brief 
churches,  brick  shops,  etc..  8,000  to  12.000  cubic  fed 
wooden  dwellings,  8,000  to  10,000  cubic  feet. 

Where   the    exhaust    steam    is    used    in    conned 
with   .1  hot -water  system,   the   water  to  be   wanned 
heated  by  the  steam  in  large  heaterSj  Bimilar  to  (1 
water    heaters,    and    circulated    through    the    mains 
means  of  centrifugal  pumps. 

Central  Station  Heating. — Where  large  districts 
to  be  heated,  a  central  heating  station  becomes  nee* 
sary,  the  steam  or  hot-water  mains  from  same  being  U 
underground,  through  the  streets.  Both  steam  at 
water  arc  used  for  this  character  of  heating,  bu 
generally  admitted  that  where  the  district  is  large  that 
hot-water  systems  are  the  best  as  there  is  much  less 
from  condensation  in  the  mains,  and  the  temperature 
be  much  better  regulated.  As  the  exhaust  steam 
some  large  plants  is  generally  used  in  1 
either  of  these  systems,  the  central  heating  plant  sfad 
be  located  as  near  as  possible  to  it,  and  the  exhai 
steam  conveyed  through  an  underground  duct  in  as  < 
rcit  a  path  as  possible.  The  equipment  of  the  staj 
depends  largely  upon  the  extent  of  the  district  to 
heated,  it  being  usual  to  allow  for  steam  hcati: 
Square  foot  of  boiler  heating  surface  for  supplvin 
square  feet  of  radiating  surface,  or  one  boiler  h 
power  to  each  120  to  200  square  feet  of  radi 
face,  depending  upon  whether  steam  or  hot  wal 
used. 

Fig.    132  shows  a  complete   installation  of  a 
station   heating  plant. 

Insulation  and  Cost. — The  underground  dis 
system  mains  in  either  system  must  be  propel 
atcd,  or  the  loss  by  condensation  will  be  very  gre* 


43- 


i 


Js_ 


3 


n 


ltoorr     IkCi 

(ix  n.  »ui  n. 


M 


i 


■  <rn\  Station  Hcnting  Plant. 

FiR-    Ul 


HIS 


STATIONARY    ENGINEERING. 


F'lf-  '33  shows  a  form  of  insulation  which  ha 
proved  quite  satisfactory.  Using  this  insulation,  ih 
hot  water  has  been  sent  out  through  a  two-pipe  bal- 
anced system  six  and  one-half  miles  or  thirteen  mill 
out  and  returning,  with  a  loss  of  only  30  degrees, 
water  being  sent  out  at  a  temperature  of  170  degree 
and  returning  at  140  degrees. 

SPECIFICATIONS      AND      CONTRACT      FOR    A 
LOW  PRESSURE  STEAM  HEATING  PLANT. 

Boiler. — Furnish  complete  and  set  up  in   l>, 

one   steam  boiler  having  a  heating  capacit 

equal  to  3,400  Square  feel   o(  radiation. 

Foundation. — Boiler    to    set    on     good    substan 
foundation  of  hard  burned  brick  laid  in  Portland  cetne 
or  to   have   concrete   foundation   of   proper   dimensions 
to  suit  size  of  boiler. 

Smoke  Connection. — Furnish  and  erect  smoke  con- 
nection from  boiler  to  chimney  of  number  ....  iron 
sufficient   size    t>i    insure    a    good    draft    with    ncccssa 
damper  and  check  door. 

Grate  Bars. — Furnish  and  set  with  boiler  a  full  s< 
of  improved  grate  bars. 

Trimmings. — Furnish    and    connect    to    boiler 
necessary  fixtures  and  trimmings   called   for  by  man 
facturer  of  boiler,  consisting  of  safety  valves,  low  p 
sure  steam  gauge,  combination   body   with   connect 
to  boiler,  suitable  blow-off  valves,  feed  water  and  check 
valve. 

Firing  Tools.— Furnish  and  set  with  boiler  a  full 
set  of  firing  tools  consisting  of  poker,  hoc.  slice  bar.  flue 
brush  and  scoop  shovel. 

Automatic  Damper  Regulator. — Set  up  and  prop- 
erly connect   with   boiler,  one  automatic   damper 
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lattH  01  diaphragm,    to  he   placed  on   top  of  boiler 
shall   he    connected    to   draft    door  and   check   draft 
smoke   pipe   with   iron   chain   for  the  admission   of 
proper  quantity  of  air  to  the  fire  to  govern  the  s. 

System  of  Heating. — The  system  of  heating  will 
that  known   as  the    Low    Pressun    Gravity   Systi 
watet  of  condensation  to  he  returned  to  hoiler  by  gravit; 

Size  of  Mains. — The   size    and    general    run    of 
basement    and    riser    pipes    to    be   Such    as  to  be 
adapted  to  suit  the  location  of  the  radiators.     All 
nections  to   radiators,  branch  supply  pipes  and  the 
tire  piping  throughout  shall  be  ample  in  size  to  insi 
a   rapid   and   noiseless   circulation   of  steam   througho 
ihc   entire  apparatus. 

Securing    Pipe. — All    piping    shall    be    construct 
with   proper  provisions   for  expansion  and  contra 
all  basement  pipes  to  be  secured  on  neat  cast  iron  ex- 
pansion hangers  placed  at  proper  intervals. 

Insulation. — Where  pipes  pass  through  partition 
basement,  there  shall  in  each  case  be  provided  wrought 
iron  sleeves  one  size  larger  than  the  pipe  they  are  nd 
on  ami  come  Hush  with  walls;  where  pipes  pass  th 
floors  they  must  be  provided  with  wrought  iron  sl< 
of  proper  length  and  size,  same  to  make  a  neat 
at  floor  and  ceiling. 

Floor  and   Ceiling  Plates. — All  pipes  on   riser  and 
radiator  connections  and  all   pipes  in   finished  parts 
basement,  shall  be  provided  with  neat  cast  iron  floor 
ceiling  plates  of  the  most  approved  pattern. 

Pipe  and  Fittings. — All  pipes  used   in  the   e» 
of  this  work  shall  be  of  the  best  make  and  of  stan 
weight  and  sizes;  all  pipe  over  Ij4   inches  in  size  to 
lap-welded.     All  fittings  used  shall  be  fine  grained 
cast  iron  with  clean  cut  taper  threads. 


KG. 

and    Workmanship. — All   materials  enter- 

i    the     construction    of    this   apparatus,    whether 

■  hall   l>e   the   best   of  their   respective 

nd  all  put  together  by  skilled  mechanics  under 

mediate  sup 

ves  on  Radiators. — Each  radiator  shall  be  oper- 
but  one  valve,  which  sliall  be  of  the  best  steam 

with  Jenkins  disc,    to  have   I 
ig  Joint,  i' *  l      heavy  nickeled  all  over  and  have 
I  hardwood  handles. 

•  Valves. — Each  radiator  and  end  of  heating  main 
r  pr>  with   an  automatic   nickel  plated   air 

[uarantccd  not  to  throw  water. 

lives  and  Check  Valves. — All  globe,  gate  and 
valves  2  inches  in  size  or  smaller  to  be  made  of 
teavy  steam   metal;  all  valves  2x/i   inches  in  size 

have  iron  body  with  brass  trimmings, 
niah   of   Radiators. — All   radiators   are  to   be   fin- 
selected  by  architect  or  owner.     All  ex- 
cellar  to  be   finished  same  as  radi- 
,  all   pipes    in    basement    and   boiler   room    to   be 
:h  best  Asphaltum  varnish, 
rcments     of     Owner. — Owner     shall     provide 
the  admission  of  boiler  and  space  in  boiler 
the  ere  same.     Owner  to  provide  water 

connection    in   boiler   room   near  boiler  and 
:icicnt  size, 
and   Repairing. — We   will   do  all  necessary 
*!  repairing  for  the  admission  of  our  work,  and 

nnectcd  with  our  work. 

ntee. — We   guarantee   to   heat  all   rooms  and 

to  be  heated  as  stipulated  in  schedule  of 

1o  70  degrees  when  the  thermometer  is  zero 

itb  a  pressure  not  exceeding  5  pounds. 
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We  further  guarantee  to  fill  the  whole  system  with 
pound  of  steam  on  boiler,  anil  the  working  of  the 
paratus  to  be  absolutely  noiseless  and  the  apparatus 
be  free  from  all  leaks  or  imperfections. 

Radiation. — The   radiating  surface   shall    consist 
ornamental  cast  iron  radiators  of  most  approved  desi| 
and  shall  be  placed   in   position  for  obtaining  the 
results  in  numbers,  sizes  and  heights.     Total  amount 
radiation  to  be  not  less  titan  2,415  square  feet  div* 
intu  75  radiators. 

SPECIFICATIONS  FOR  A  COMPLETE  CENTI 
HEATING  PLANT. 

General. — These  specifications  are  intended  to  co« 
a  complete  heating  plant  in  all  details,  ami  if,  in 
specifications,   anything   is    needed    to    make    the   pla 
complete  in  accordance  with  the  intent   hereof,  then 
that  case  it  shall  be  furnished  by  the  contractor  wit 
any  further  charge  to  the  purchaser. 

Definition. — \\  henever     the     word     "purchaser" 
hereinafter  referred  to,  it  shall  be  understood  to 

the    Heating   Company, 

Whcncv< 

"contractor"  is  hereinafter  referred  to,  it  shall  be  uti 

stood   to   mean   the    

of    Whenever  a  cla 

tion  hereinundcr  is  specified  and  no  mention  is  made 
either  the  purchaser  or  contractor,  it  shall  be  understc 
that  the  contractor  is  to  do  the  described  work. 

Real  Estate. — A  piece  or  parcel  of  land  shall  be 
nished  by  the  contractor  to  the  purchaser,  the  same 
be    located    

Power  House. — Upon  the  above  described  1 
real  estate  there  shall   be   installed  a  substantial  bri 
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■rtr  house  by  the  contractor,  the  same  to  be  of  neat 
ngn  and  suitable  for  the  purpose  of  building  therein 
e  necessary  appurtenances  for  a  complete  central 
itkni  heating  plant 

Boilers. — There     shall     be     installed     a     sufficient 

leant  of  heating  surface,  the  same  to  be  divided  into 

number   of   units  adapted    for   the   work,  sufficient 

ig  surface,  together  with  exhaust  steam  which  is 

be  furnished  to  the  plant  by  the  company  from  the 

house  of  the  railway  and  electric  company,  suffi- 

jat  capacity  to  handle  at  10  degrees  above  zero 

Bare  feet  of  radiation,  the  same  being  operated  with 
I  hot  water    circulation.     The  above   described    boilers 

ill  be  of  the   or  some  other  water 

type  equally  as  good.     They  shall  be  equipped  with 
fcking  grates  and  the  necessary  tools  for  the  firing  of 
same. 

Smoke  Stack. — A  smoke  stack  of  the  proper  diam- 
ine] height  shall  be  installed  for  each  battery  of  two 
§«fcrs.    Same    shall    be    carried    from    the    top    of    the 
settings  and  maintained  by  a  guy  stub  set  in  the 
position. 
Boiler  Feed  Pumps. — There  shall  be  furnished  two 
fitted  boiler  feed  pumps;  each  pump  should  have 
ffcicnt  capacity  to  handle  the  entire  plant  with  a  pis- 
speed  not  to  exceed    ioo  feet  per  minute. 

Fetd-Water    Heater. — There    shall    be    furnished    a 

iter  heater  and  purifier  of  sufficient  capacity   to 

lish  boiler  feed  water  for  the  number  of  boilers  that 

be  necessary  for  the  operation  of  the  plant  in  ques- 

It  shall  also  be  of  sufficient  size   to   purify  the 

used  in  the  heating  system. 

Circulating  Pump. — There    shall    be    furnished    two 

fitted    special    designed    hot    water    circulating 
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pumps,  to  be   used  for  the  purpose   of  circulating 
water  in  the  heating  system.     They  shall  have  a  capac 
of  not  less  than  fifteen  gallons  of  water  each  per 
ute.     They  shall  be  erected  upon  the  proper  foundatk 
by  the  contractor  and   equipped   with  automatic 
nors. 

Placing.  Regulating  and  Receiving  Pumps. — Tl 
shall  be  furnished  the  necessary  pumps,  the  same 
ted  upon   foundations  and   equipped   with  an   automa 
governor  to  relieve  the  apparatus   From   condensatk 
maintain   the  necessary  vacuum  on  the   system,  and 
make  the  plant  complete  in  all  its  details. 

Vacuum  Pumps. — There  shall  be  installed 
vacuum  pump  of  sufficient  capacity,  the  same  to 
bronze-fitted    throughout,   to  handle   the   exhaust  stca 

which  is  to  be  received  from  the pla 

Same  shall  be  erected  complete  upon  foundation  to 
furnished  by  the  contractor. 

Condensers. — There    shall    be    furnished    t 

densers,  being  of   feet  size.     The  same  shall 

delivered  and  erected  complete  upon  foundation!' 
nisiicd  by  the  contractor. 

Pipe  Connections. — The  contractor  shall  furnish 
necessary  valves,  fittings,  pipe,  labor,  etc.,  so  as  to 
ncct  up  all   the  above  described  apparatus  so  at  to 
complete  in  all  its  details  and   in  a  good  and  wOrkflU 
like  manner. 

Pipe  Covering. — After  all  of  the  apparatus  has 
installed  and  connected,  all  pipe  and  fitting  shall  be 
ered  with  an  approved  pipe  covering;. 

Air  Compressor. — There  shall  be  furnished  one 
compressor,  same  having  a  capacity  of  •  ...  feet 
free  air  per  minute.  The  same  shall  he  >  quipped 
the  necessary  regulators,  storage  tanks,  etc 
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f  Gauge  Boards. — There  shall  be  furnished  one  mar- 
Ik  gauge  board,  the  same  having  mounted  thereon  all 
Ik  necessary  gauges,  thermometers,  etc.,  for  the  indi- 
htiog  of  the  proper  working  of  the  system. 

Pipe  Line. — The  pipe  line  to  be  laid  in  the  various 

tttets  in  the  city  of shall  be 

ad  by  the  contractor  and  shall  consist  of  the  follow- 
ig  pipe  lines : 

feet  14-inch  main. 

feet  of  12-inch  main. 

feet  of  10-inch  main. 

feet  of    8-inch  main. 

feet  of  main  which  shall  be  of  such  average 

jins  so  as  to  equal  the  cost  of  6-inch  main. 

Location  of  Mains. — The  mains  shall  be  located  in 
■eh  parts  of  the  streets  as  found  convenient  on  account 
i  construction  conditions.  The  mains  shall  be  so  laid 
» to  have  a  cover  of  earth  of  at  least  two  feet,  except- 
m  such  places  as  obstructions  are  encountered; 
1,  in  that  case,  the  minimum  depth  from  surface  of 

to  top  of  insulation  shall  be  at  least  12  inches. 

Materials. — The    materials  to   be    used   in  the    con- 

of  the  pipe  lines  in  question,  shall  consist  of 

lumber   of  the  proper  thickness  and  lengths,  the 

to  be  of  a  first-class  quality. 

The  pipe  shall  be  of  standard  wrought  full-weight 

of  the  Crane  or  National  Tube  Company's  manu- 

:,  or  something  equally  as  good.     All  fittings  shall 

of  standard  grey  iron  and  true  as  to  weights,  etc. 

pipe  lines   shall   be   protected    throughout   with    a 

un  of    valves    and    expansion    joints.       Wherever 

b  or  expansion  joints  are  put  into  the  system,  they 

I  be  surrounded  with  a  brick  manhole  with  a  cast 

>  top,  so  as  to  permit  of  free  access  to  the  same 
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The   expansion   joints   shall   be  so  arranged   that 
will  not  he  any  undue  strain  on  any  of  the  fitt 
the  system. 

Service  Openings. — Service  openings  shall  be  n 
in   (he  system  as  needed  to  provide  for  the  taking 
of  service  connections.     They  shall  average  at  least  a 
to  every  too  feet  of  main. 

Test. — As  the  street  work   is  installed,   it  shall 
tested,  so  as  to  be  tight  under  a  pressure  of  not  k 
than  60  pounds. 

Re-Paving. — Whenever  any  of  the  lines  are  laid 
streets  which  have  been  paved,  the  pavement 
replaced  in  as  good  a  condition  as  found. 

Time    of    Completion. — The    work    hei 
plated  shall  be  completed  and  in  full  running  or 

in  accordan 

the  minimum  terms  of  the  franchise. 

Finally. — During  the  construction  of  the  p! 
contractor  shall   furnish  all  the  engineers   and  HI 
tendents    necessary    for    the    complete    building   of 
plant,  together  with  the  measuring  of  the  building! 
making  of  contracts   for   the   heating  of   the   build 
As   soon   as   the   plan    is   ready  for  operation,   the  pt 
chaser  shall  measure  all  buildings  and  make  all  h 
contracts  and  shall  provide  the  necessary  attends 
the  operation  of  the  plant,  together  with  all  the  ne© 
sary  fuels  and  materials  for  the  proper  operation  of 
same.     The   contractors   shall   furnish    for    a 
thirty  (30)  days,  if  necessary,  an  expert  to  inst 
«UDerintendent    of   the    heating   company   in   the 
management  and  operation  of  the  plant. 

Guarantees. — The    contractor   guarantees    the 
shall  !»    complete  in  all  details  and  operate  succei 
as  a  central  station  heating  plant,  and  any  d 
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ling in  one  year  shall  be  replaced  by  contractor 
rat  expense  to  purchaser. 
System. — The  system  shall  be  what  is  known  as 

and  shall 

nilt  under  the  direction  of 

.ES  FOR  JANITORS  AND  FIREMEN  HAVING 
CHARGE  OF  LOW  PRESSURE  STEAM 
HEATING  BOILERS. 

rtford  Steam  Boiler  Inspection  and  Insurance  Co. 

i.  Getting  Ready  to  Start— The  attendant  should 
that  all  joints  are  properly  packed,  and  that  none  leak 

filling  the  boiler  with  water.  The  gauge  cocks, 
cr  gauge,  and  safety  valve  should  be  carefully  exam- 
1  that  all  are  free  and  in  good  order.  All  valves  in 
ing  and  radiators  and  air  valves,  should  be  examined 
I  seen  to  be  in  order,  and  that  all  necessary  packing 
repairs  have  been  done. 

a  Condition  of  Water. — The  first  duty  of  an  engi- 
t  when  he  enters  his  boiler  room  in  the  morning  is 
ascertain  how  many  gauges  of  water  there  are  in  his 
Hers.  Never  unbank  or  replenish  the  fires  until  this 
tone.  Accidents  have  occurred  and  many  boilers 
■cd  from  neglect  of  this  precaution. 
-j.  Raising  Steam  and  Management  of  Valves. — 
I  steam  and  return  pipes  should  be  closed  before  fires 
(started.  When  steam  has  been  raised  to  working 
tare,  the  steam  valves  should  be  opened  very  slowly, 
ler  the  boiler  pressure  is  established  in  the  pipes  the 
hra valves  can  be  opened,  allowing  the  water  of  con- 
■ation  to  flow  back  to  the  boiler.     Whenever  neces- 

Kshut  off  at  the  boiler  or  any  section  of  heating 
the  return  or  drip  valves  should  be  closed  first 
_■  the  steam  valves.    In  letting  on  the  steam  the 
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Supplj   "i    -[rani  valve.-,  should  be  fir>.t  opened  an 
the  return  or  drip  valves     This  caution  is  import 

4.  Low  Water. — In  case  of  low  water,  immt 
cover  the  fires  with  ashes,  or  if  no  ashes  arc  at  hai 
fresh  ».-< >;il  and  shut  the  ash  pit  and  open  the  fire 
Do  "<>t  turn  i>n  the  feed  tinder  any  circumstan 
tamper  with  or  open  the  safety  valves.  Let  the 
Outlets  "••main  as  they  are. 

5.  Feeding. — When  necessary  to  take  fresh 
the  boiler  should  be  fed  as  slowly  as  possible  to 
unnecessary  contraction  and  leakage  at  joints. 

6.  Gauge  Cocks  and  Water  Gauge. — Keep 
cocks  clean  and  in  constant  use.  Glass  gauges 
not  be  relied  upon  altogether. 

7.  Safety  Valves. — Raise  the  safety  valve 
tiously  and  frequently,  as  they  are  liable  to  becor 
in  their  scats. 

8.  Safety  Valve.  Automatic  Regulator,  and 
Gauge. — Should  the  gauge  at  any  time  indicate  tr 
of  pressure  to  which  the  regulator  is  adjusted  > 
its  controlling  the  draft,  the  regulator  should  be 
ined  and  disconnected  from  the  damper  or  draf 
If  the  regulator  works  quickly  and  well  the  tro 
in  the  damper  or  draft  door,  and  it  should  at  0 
cleaned  and  made  to  work  freely.  Should  the  re 
fail  to  work,  or  work  very  slowly,  the  pipe  com 
to  the  boiler  is  choked  and  should  be  cleaned.     S 

tir»-   gauge,   regulator,  and  safety    valve   agl 
case  of  difference,  notify  the  company's  inspector 

9.  Clean  Plates  and  Heating  Surfaces. — Pal 
attention   should  be  taken   to  keep  plates  and   p 
boilers    exposed    to    the    fire    perfectly    clean.     Al 
tubes,  flues,  and  connections  well  swept.    This 
ticularly  necessary  in  many  types  of  small  heat  in 
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with  large  heating  surfaces  and  small  heat  passages, 
they  soon  foul  if  neglected.  Strict  attenion  to  this 
:  is  necessary  for  full  economy  and  capacity  of  boilers. 

I  10.  Blowing  Off.— -If  necessary  to  blow  down  dur- 
k  the  season,  the  fires  should  be  hauled  and  furnaces 
Ed  bridge  wall  cleaned  at  least  two  hours  before  blow- 
to  down.  Allow  the  boiler  to  stand  until  cool  before 
fag  with  cold  water. 

[    ii.    Laying  up  Boilers  for  die  Season. — Haul  fires, 
furnaces,  and  run  off  the  water  while  hot     Thor- 
ly  clean  all  heating  surfaces  at  once.    Remove  hand 
manhole  plates,  dry  out  water  if  any  remains,  and 
the  boiler  thoroughly  clean   and  dry.     Drain  all 
from  return  drip  pipes.     All  good  systems  are  pro- 
with  drip  cocks  at  lowest  point  in  return  pipes 
this  purpose.     During  the  summer  see  that  no  water 
it  drip  or  moisture  collect  in  or  around  the  boiler. 

it.  Piping,  Radiators,  and  Settings. — Mark  all 
I  that  have  shown  signs  of  leakage  and  need  pack- 
i;  also  air  cocks  and  valves  and  anything  that  may 
I  repairs  before  using  another  season.  If  repairs  are 
to  boiler  settings  see  what  they  are  and  have 
i  made  while  boiler  is  idle. 


CHAPTER  XIII. 

BOILER  TRIALS. 

Horse    Power    and    Efficiency    Tests. — The 
power  of  a  boiler  is  entirely  a  measure  of  evaporation, 
and  not  of  power  as  the  term  would  lead  one  to  belie* 

Unit. — One    boiler   horse   power  as   has   been 
vimislv  defined,  is  equivalent  to  the  evaporation  of  34J 
pounds  of  water  from  and  at  212  degrees  Fahrenheit 
practically  34^  pounds  of  water  per  hour,  which  is  ih 
same  as  the  evaporation  of  30  pounds  <•[  water  per 
from  feed   water  having  a  temperature  of   loo  degre 
Fahrenheit  into  steam  at  70  pounds  pressure. 

Standard. — It  is  usual  to  express  the  cvapor. 
the  water  in  the  boiler  from  and  at  212  degrees  Fahr 
licit,  instead  of  from  100  degrees  Fahrenheit  at  a  stcan 
pressure   of   70  pounds,  as   this   is   the   standard  boiler 
horse  power  recommended  by  the  American  Society 
Mechanical  Engineers. 

Commeicial  Rating  of  Boilers. — This  society,  whk 
is  recognized  as  the  highest  authority  on  all  subjects  per- 
taining to  mechanical  engineering,  further  rccomn 
as  follows: 

"A  boiler  rated  at  any  stated  capacity  should  de- 
velop that  capacity  when  using  the  best  coal  ordu 
sold  in  the  market  where  the  boiler  is  located,  when 
fired  by  an  ordinary  fireman  without  forcing  the  fire 
while  exhibiting  good  economy;  and  further  that 
boiler  should  develop  at  least  one-third  more  than  tbt 
stated  capacity  when  using  the  same  fuel  and  operated 
by  the  same  fireman,  full  draft  being  employed  and  the 
fires  being  crowded;  the  available  draft  at  the  damper, 
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iless  otherwise  understood,  being  not  less  than  j£-inch 
iter  column." 

Efficiency. — By  the  efficiency  of  a  boiler  is  meant 
k  ratio  between  the  heat  units  utilized  in  the  produc- 
<n  of  steam,  and  the  heat  units  contained  in  the  fuel 
fed. 

In  order  to  determine  the  horse  power  and  the  effi- 
ocy  of  a  boiler,  all  boilers  must  be  tested  under  the 
pK  set  of  rules,  so  that  the  conditions  will  be  exactly 
lesame. 

'  Code  of  Rules. — In  order  to  obtain  such  uniformity, 
fce  American  Society  of  Mechanical  Engineers  appointed 
I  committee  to  formulate  a  set  of  rules  which  would 
•Iain  such  results,  and  in  1885  the  report  of  this  com- 
pote was  accepted.  This  code  of  rules  was  revised  in 
and  since  then  have  been  universally  adopted  for 
I  boiler  trials  or  tests.    . 

These  rules   provide  for  the  method  of  conducting 
1  boiler  trials,  from  the  very  simplest  to  the  most  e  lab- 
Purpose  of  Boiler  Trials. — While  there  are  several 
for  which  boiler  trials  may  be  conducted,  the 
;  usual  and  important  are  for  determining — 

(1)  The  standard  horse  power  of  a  boiler  accord- 
[  to  the  rating  of  the  American  Society  of  Mechanical 

neers. 

(2)  The  efficiency  of  the  boiler. 
In  addition  to  these  two  principal  purposes,  boiler 
1  are  also  conducted  for  the  purposes  of  determin- 

(3)  The  steam  making  value  of  a  fuel  as  measured 
winds  of  water  evaporated  per  pounds  of  fuel. 

(4)  The  coal  and  steam  consumption  in  pounds  per 
ated  engine  horse  power  per  hour. 
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n  he  determined.     To  do  this  it  is  necessary  to 
ii    evaporation  <"  ;i  basis  common  to  all,  called 
valent    evaporation    from   and   at    212    degrees 
:it.    The  necessity  of  this  can  be  seen  as  boil- 
it  evaporate  all  the  water  pumped  into  them  into 
rated   steam,  and  hence   the  actual  evaporation 
eatly  with  the  different  character  and  construe- 
►oilers.     In  order  to  ascertain   the  actual  cvap- 
thcrefore  necessary  that  the  feed  water  be 
number  or  factor  representing  the 
if  dry  steam  contained  in  every  pound  of  feed 
■I.     Such   numbers,   "r   factors,  are   called 
f  evaporation,  and  by  their  use  the  actual  cvap- 
»f  the  boiler  Is  r<  adily  reduced  to  the  equivalent 

from  and  at  212  degrees  Fahrenheit, 
"able   N  given  factors  of  evaporation  for 

d  gauge  pressures. 

of    Evaporation. — Therefore,    to    find    the 
of  any  boiler,  multiply  the  actual 
i«.n   by    the    factor   of   evaporation.     These   fac- 
be  found  in  most  all  engineering 
ling  tabic  of  Factors  of  Evap- 
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Solution. — In  the  Table  of  Factors  of  Evaporation 
site  the  50  degrees  temperature  of  the  feed  water 
boiler  pressure  of  100  pounds,  we  find  the  factor 
Now  multiply  the  quantity  of  water  actually  evap- 
»ted.  viz.:  5,000  pounds  by  this  factor  of  1.20,  and  the 
result  will  be  the  water  evaporated  per  hour  from  and 
c  212  degrees,  viz. :  6,000  pounds. 

Should  a  table  of  factors  not  be  convenient,  then 
lie  equivalent  evaporation  is  determined  as  follows : 

Rule. — Subtract  the  temperature  of  the  feed  water 
rom  the  total  heat  of  1  pound  of  steam  at  the  pressure 
i  evaporation.  Add  32  to  the  remainder  and  multiply 
lie  sum  by  the  actual  evaporation  in  pounds.  Divide 
lie  product  by  966.1. 

Example. — A  boiler  generates  2,000  pounds  of  dry 
seam  per  hour  at  a  gauge  pressure  of  120  pounds,  the 
fce»i  water  temperature  being  60  degrees,  what  is  the 
equivalent  evaporation  ? 

Solution. — From  the  steam  table,  No.  14,  we  find 
[nV  total  heat  corresponding  to  a  gauge  pressure  of  120 
|fcancl>  is   1. 188.64  B.  T.  U.     Applying  above   rule   we 


Equivalent  evaporation  = 

1000  X  (1. 188.6.  —60  +  32) 

=  2402.7  pounds. 

966.1 

Boiler  Horse  Power  Test — The  standard  boiler 
Norse  power  is  obtained  by  dividing  the  equivalent  evap- 
l*Jt»n  as  has  been  explained  by  34^,  which  represents 
|V  unit  of  one  standard  boiler  horse  power,  that  being 
1«  number  of  pounds  of  water  evaporated  per  horse 
p*er  from  and  at  212  degrees. 

It  is  therefore  seen  that  before  wc  can  determine  the 
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ii.uci  of  a  boiler,  ii  is  Srsl  necessary  to  a 
livalent  evaporation  *  > f  the  boi 
ficiency  Tests. — To  fiml  the  efficiency  of  a  l» 
ilu-  number  of  heat  units  usefully  expended  ii 
iting  tin-  water  by  the  number  <»f  heat  units 
>•  the  fuel. 

find  the  efficiency  in  per  cent  multiply  the  nut 

heat  units  by  too. 

ample. — A  boiler  trial  shows  a  useful  expend* 
120.386.451  B.  T.  I'.,  and  a  total  supply  of  19a- 
1>.   T.    1 . '..   what   is  the  efficiency  of  the   boiler 


S1 

»1 


lution. — 

"iciency  =ioox  120.386.451 


190.841.350 


=63  per  cent. 


lality  of  Steam. — Ry  the  quality  of  steam  is  meant 
ount  or  the  per  cent  of  the  water  pumped  into  a 
that  is  evaporated  into  dry  steam.  The  amount 
steam    furnished  hy  boilers  varies  gr<  dost 

ers  when  generating  steam  rapidly,  furnish  a  ccr- 
nount  of  wet  steam,  which  is  water  remaining 
orated  in  the  steam.  As  this  water  does  no  use- 
rk,  in  fact,  is  most  objectionable,  l>oth  on  the 
s  of  safety  and  economy,  it  should  be  deducted 
c  amount  of  evaporation  of  the  boiler,  or  it  \v 
he  boiler  show  a  higher  efficiency  than  it  n 
cd. 

lorimeter. — The  apparatus   used   for   the   pur 
■rmiiiing    the    amount   of    moisture    contained   in 
-  called  a  calorimeter,  the  simplest  form  of  which 
Barrel  Calorimeter.     Its  operation  is  very  simple, 
ing  of  first  weighing  a  barrel  holding  about  400 
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Ta»>l«  of  tho  Properties  of  Saturated  Steam. 
Table  No.  14. 
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cn  d 


pounds  nf  water  on  a  platform  scale,  the  temperature 
the  water  being  registered  by  a  thermometer  insert 
the  side  of  the  barrel. 

The  steam  from  the  boiler  to  be  tested  is  then 
charged  into  this  barrel,  through  a  hose  or  pipe  ur 
the  temperature  of  the  water  in  the  barrel  reaches  ab< 
140  degrees,  The  steam  is  then  turned  <>ff  Mid  thr  b 
rel  anil  its  contents  again  weighed.  The  difference 
twecn  the  weights,  is  the  weight  of  the  steam  discharf 
into  the  water. 

If  dry  steam  is  discharged  into  the  water,  it  sho' 
raise  the  temperature  of  the  water  in  the  barrel  a  « 
tain  known  amount.  If  the  temperature  does  not  ri 
that  much,  it  then  must  be  due  to  the  steam  not  bel 
dry,  but  containing  moisture. 

From  the  steam  table  the  temperature  of  the  ste 
can  be  found,  from  which  can  be  determined  the  amol 
of  moisture  in  same,  which  gives  the  quality  of  1 
steam. 

Analysis  of  Coal. — The  calorific  value  of  fuels  < 
only  be  determined  by  a  careful  chemical  analysis,  wh 
requires  a  skilled  chemist.  Such  an  analysis  shoi 
show  the  moisture,  the  volatile  matter,  the  carbon  a 

ash  in  same 

Moisture. — This  is  found  by  first  weighing  a 
sample  of  the  coal  or  fuel  in  a  porcelain  or  platim 
crucible,  and  then  heating  same  in  a  drying  oven  t< 
temperature  of  about  225  degrees  Fahrenheit.  Tr 
weigh  the  sample  again,  and  the  loss  of  weight  rep 
sents  the  moisture. 

Volatile  Matter. — This  is  determined  by  weighi 
out  a  small  portion  of  the  undried  pulverized  sample  ii 
a  platinum  crucible  and  covering  tightly.  Heat  it  fo 
few  minutes  over  a  Bunscn  burner,  keeping  up  a 
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red  heat  ami  then  heat  without  cooling  over  a  blast  iua 
nace  for  the  same  length  of  time  at  a  white  heat.  All<» 
the  sample  to  COOl  and  weigh  it-  The  loss  in  wei. 
represents  the  loss  of  the  hydrocarbons  and  the  moista 
these  being  known  a-,  tin-  volatile  matter. 

Fixed   Carbon. — Place   wli.it    is   left   of   the 
after  having  determined  the  volatile  matter  as  above 
plained,  into  a  crucible  and  weigh  it.     Then  heat  it  o 
a   Bunson  burner,   holding  the  crucible,  which  is  o| 
to  the  air,  in  such  a  position  that  it  will  he  expi 
the  direct  heat  or  flame  of  the  burner.     In  this  way 
the   carbon   will   be   burned   off.   leaving  only   the 
Now  weigh  the  crucible  and  the  difference  in  the  weighti 
is  the  amount  of  fixed  carbon  which  was  originally 
the  sample.     The  crucible  should  be  heated  in  this  wa 
several  times  and  weighed  each  time  in  order  to  be  cer 
tain   that  all   the   carbon   has   been   burned   out  of  th 
sample. 

Ash. — To  ascertain   the  amount  of  ash.  cither  sub- 
tract  the    weight   of   the    crucible    from    the    combine 
weight  of  it  and  the  ash.  or  weigh  the  ash  directly 
the  scales. 

Comparative  Value  of  Fuels. — Table  No.  12  show 
the  value  for  steam  making  of  American  coals  from  an 
at  212  degrees  Fahrenheit: 

Petroleum. — Crude  oil,  fuel  oil.  or  any  distillate: 

Per  11  ni   ni"  ash,  ,0, 

Meat  units  per  pound,    20.746. 

Pounds  of  w.iti-r  evaporation,  21.47. 

Per  cent  incombustible  matter,  25. 

Heat   units  available  for  steam-making.   10.920. 

Morse  power  per  pound.  4.938. 

Evaporation    per   pound    from    and    at    212   <1 
Fahrenheit.  11.25. 
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imparative  Cost. — To  estimate  the  cost  o 

red  with  other  fuels,  the   following  table  a 

it  units  in  each  of  the  most  common  fuels,  i 

the  cost  can  be  readily  figured,  taking  as  a  u 

nber  of  heat  units  in  one  gallon  of  oil  as  151,000 

0- 

Heat  Units  per 

1,000  cubic  feet. 

1 ,000.000 

815,500 

....        650,000 

377.000 

175,000 

....        150,000 


Gas  

(Gas  Machine),  20  cam 

llnminating  Gas,  avcrag 

jas  (from  Bituminous 

ind  Producer  Gas,  mixea...... 

r  Gas    

:h  oil  at  4  cents  a  gallon,  the  cost  of  equivalent 
uld  be  as  follows : 

Per  1,000  cubic  feet. 

Gas   at  .264 

,  20  candle  power at  .216 

Illuminating  Gas,  average at  .  172 

ias  (from  Bituminous  Coal) at  .099 

and  Producer  Gas,  mixed at  .046 

r  Gas  at  .039 

minating  Gas. — 

Per  1,000  cubic  feet. 

1  at    7  cents,  would  equal  gas at  .301 

1  at    8  cents,  would  equal  gas at  .  340 

1  at    9  cents,  would  equal  gas at  .387 

il  at  10  cents,  would  equal  gas at  .430 

il  at  11  cents,  would  equal  gas at  .473 

il  at  12  cents,  would  equal  gas at  .516 
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Natural  Gas. — 

Per  i  .000  cubic  : 

With  oil  at    5  cents,  would  equal  gas at       .330 

With  oil  at    6  cents,  would  equal  gas at       .307 

With  oil  at    7  cents,  would  equal  gas at       .463 

With  oil  at     8  cents,  would  equal  gas at       .529 

Wood. — Perfectly  dry  wood  cmitains  about  50 
cent  carbon,  and  for  stearn  raising  purposes  about  2 
pounds  of  dry  woe k|  .in-  iqu.il  to  I  |Kiund  average  «iu; 
of  BOft  Coal.     WOO(l  is  umi.iIIv  il.issifuil    1-  hard  <>r  ! 

Hard  woods  include  oak,  maple,  hickory,  birch,  I 
nut  and  beech. 

Soft  woods  consist  of  pine,  Br,  spruce,  elm.  chest 

pnplar  and  willow. 

It  has  been  found  that  hard  wood  gives  less  I 
per  pound  than  soft  wood. 

Calorific  Values  of  Woods. — The  relative  cak> 
value  of  different  woods  as  compared  with  coal  is  as 
lows,  viz.: 

Value  in 

Cord  of  Wood.—  lbs.  of « 

Hickory,  shell    bark iqio 

Oak,   chestnut    i'.*i 

Oak,   white    1670 

Ash,  white   1 440 

Dogwood    1560 

Oak,   black    1390 

Oak,  red    1390 

Beech,  white  1380 

Maple,  hard   (sugar) 1330 

Maple,  soft   1 140 

Cedar,  red    1080 

Magnolia   1 16b 

l'i'i'-      '■  '  II'  'W     IO60 

Sycamore   1030 
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Butternut 1090 

Pine,  New  Jersey '    916 

Pine,  pitch  , 812 

Pine,  white 800 

Poplar,   Lombardy 761 

Chestnut  1000 

Poplar,  yellow 1080 

Values  in  British  Thermal  Units  Per  Pound.— The 
nine  of  different  kinds  of  wood  in  B.  T.  U.  per  pound, 
■  a  basis  of  1  pound  of  coal  equals  21/3  pounds  of  dry 
wd,  is  as  follows : 

Name.  B.T.U. 

Oak 8316 

Ash 8480 

Elm   8510 

Beech    8591 

Birch 8586 

Fir 9063 

Pine    9153 

Poplar    :         7834 

Willow    7926 

Refuse. — This  includes  refuse,  garbage  and  all  char- 
acter of  municipal  waste.     Below  is  given  the  results  of 
official  tests  made  in  several  English  cities  of  the  fuel 
nlae  of  refuse,  the  evaporation  being  taken  from  and 
it  212  degrees  Fahrenheit : 
Accrington,  1.39  pounds. 
Beckenhowe,  1.512  pounds. 
Blackburn,  1.297  pounds. 
Bolton,  0.8  pounds. 
Bradford,  0.882  pounds. 
Bury,  1.58  pounds. 
Colme,  1.00  pounds. 
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RULES  FOR  CONDUCTING  BOILER  TRIALS. 

Adopted     by     the     American     Society     of     Mechanical 

Engineers. 

Code  of  1898.    (Abridged.) 

I.  Determine  at  the  outset  the  specific  object  of 
the  proposed  trial,  whether  it  be  to  ascertain  the  capacity 
of  the  boikr,  its  efficiency  as  a  steam  generator,  it*  effi- 
ciency and  its  defects  under  usual  working  Conditions 
the  economy  of  some  particular  kind  of  fuel,  or  the  effect 

of  change'-  of  design,  proportion,  or  operation;  and  pre- 
pare for  tlie  trial  accordingly. 

II.  Examine  the  boiler,  both  outside  and  inside: 
ascertain  the  dimensions  of  grates,  heating  surface 
all  important  parts:  and  make  a  full  record,  describing 
the  same,  and  illustrating  special  features  by  sketches. 
The  area  of  heating  surface  is  to  be  computed  from  the 
Outside  diameter  of  water  tubes  and  the  inside  diameter 
of  fire  tubes. 

III.  Notice  the  general  condition  of  the  boilei  an< 
its  equipment,  and  record  .such  facts  in  relation  thei 

as  beai    upon  the  objects   in   View. 

IV.  Determine  the  character  of  the  coal  to  Ik-  q 
I  1.1   tests  of  the  efficiency  or  capacity  of  the  boiler  for 
comparison  with  other  boilers,  the  coal  should,  if 
Sible,  be  of  some  kind  which  is  commercially  regarded 
as  a  standard. 

For  New  England  and  thai  portion  of  the  country 
cast   of  the    Allegheny    mountains,    good  anthracite   egg 
coal,  containing  not  over  10  per  cent  of  ash,  and  s< 
bituminous    Clearfield    (Pa.).    Cumberland    (Md.),    an 
Pocahontas  (V'a.)  coals  arc  thus  regarded.     West  <>f  th 
Allegheny  mountains,  Pocahontas  (Va.)  and  New  River 
i\V.  Va.)  semi-bituminous,  and  Voughiogheny  or  P8 
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burg  bituminous  coals  arc  recognized  as  standards. 
re  is  no  special  grade  of  coal  mined  in  the  Western 
States  which  is  widely  recognized  as  of  superior  quality 
or  considered  as  a  standard  coal  for  boiler  testing.  Big 
Muddy  lump,  an  Illinois  coal  mined  in  Jackson  founty. 
111.,  is  suggested   as  being  of  sufficiently   high  grade   to 

answer  the  requirement*  in  districts  where  it  is  more 
aiently  obtainable  than  the  other  coals  mentioned 
above. 

V.  Establish  the  correctness  of  all  apparatus  used 
m  the  test   for  weighing  and  measuring.     These  are: 

1.  Scales  for  weighing  coal,  ashes,  and  water. 

2.  Tanks,  or  water  meters  for  measuring  water. 
Water  meters,  as  a  rule,  should  only  be  used  as  a  check 
M  other  measurements.     For  accurate  work,  the  water 

!  be  weighed  or  measured  in  a  tank. 

3.  Thermometers  and  pyrometers  for  taking  tem- 
peratures of  air.  steam,  feed   water.  wast<  1  tC. 

4.  Pressure  gauges,  draught  gauges,  etc. 
The  kind  and  location  of  the  various  pieces  of  test- 
ing apparatus  must  be  left  to  the  judgment  of  the  per- 

Mlducting   the   test:    always    keeping    in    mind    the 
main  object,  i.  c  to  obtain   authentic  data. 

VI.  See  that  the  boiler  is  thoroughly  heated  to  its 
Una!  working  temperature  before  the  trial.     If  the  boiler 

and  of  a  form  provided  with  a  brick  setting,  it 
ihouM  be  in  regular  use  a1  least  a  week  before  the  trial, 
5"  as  to  drv  and  heat  the  walls.  If  it  has  been  laid  off 
UXibe  COld,  it  should  b«   worked  before   the  trial 

nntil  the  walls  are   well    heated. 

VII.  The  boiler  and  connections  should  be  proved 
'"  lie  free   from   leaks  before  beginning  a  test,  and  all 

1         connections,  including  blow  and  extra  feed  pipes, 
should  be  disconnected,  -.topped  with  blank  flanges,  Of 
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in    the  boiler    room,   of   the    temperature   of    1 1 1 1-    ft 

when  a  furnace  pyrometer  is  used,  also  of  the  pressur 
of  steam,  and  of  the  reading  of  the  instruments  lb 
determining:  the  moisture  in  the  steam.  A  lop  should 
be   kept   on    properly   prepared    blanks   containing   col 

minis  for   record  of  the  various  observation-.. 

XIV.     Quality     of     Steam. — The      percentage 
moisture  in  steam  should  be  determined  by  the  us 

either  a  throttling  or  a  separating  steam  Calorimeter. 
The  sampling  nozzle  should  be  placed  in  the  vertical 
steam  pipe  rising  from  the  boiler.  It  should  be  made 
of  J/j-inch  pipe,  and  should  extend  across  the  diameter 
of  the  steam  pipe  to  within  half  an  inch  of  the  opposite 
side,   being  closed  at    the  end   and    perforated    with  BOl 

less  than  twentj  J4-inch  holes  equallj  distributed  vJong 

;md    around    its    cylindrical    surface,    but    none    of    theft 

holes  should  be  nearer  than   i-im-h  to  the  inner  st6 
of  the  steam  pipe.     The  calorimeter  and   the  pipe  lead- 
ing t-F  il  should  be  well  covered  with  felting.    When- 
ever   the     indications    of    the     throttling    or    separatist 
calorimeter    show    that    the    percentage    of    moistc 
irregular,  or  occasionally   in   excess  of  3   per  cent,  tlu 
results  should  be  checked  by  a  steam  separator  pbceu 
in   the  steam  pipe  as  close  to  the  boiler  as  convenient, 
with  a  calorimeter  in  the  sic. mi  pipe  just  beyond  thf 
outlet    from    the   separator.     The   drip   from   the 
ator  should   be   caught   and   weighed,  and   the   percent- 
age of  moisture  computed  therefrom  added  to  that 
by  the  calorimeter. 

Superheating  should  be  determined  b)    means 
thermometer  placed   in   a   mercury-well  inserted 
steam    pipe.     The    degree    of   superheating    shouU 
taken  as  the  difference  between  the  reading  of  the  t 
niomctcr  for  superheated  steam  and  the  readings  of  t 
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I  ame  thermometer  of  saturated  steam  at  the  same  pres- 
jare  as  determined  by  a  special  experiment,  and  not  by 
[reference  to  steam  tables. 

XV.  Sampling  the  Coal  and  Determining  Its 
Moisture. — As  each  barrow  load  or  fresh  portion  of  coal 
is  taken  from  the  coal  pile,  a  representative  shovelful 
is  selected  from  it  and  placed  in  a  barrel  or  box  in  a  cool 
place  and  kept  until  the  end  of  the  trial.  The  samples 
are  then  mixed  and  broken  into  pieces  not  exceeding 
i  inch  in  diameter,  and  reduced  by  the  processes  of  re- 
peated quartering  and  crushing  until  a  final  sample 
weighing  about  5  pounds  is  obtained,  and  the  size  of 
the  larger  piece  is  such  that  they  will  pass  through  a 
sieve  with  }4-inch  meshes.  From  this  sample  two  one- 
quart,  air-tight  glass  preserving  jars,  or  other  air-tight 
vessels  which  will  prevent  the  escape  of  moisture  from 
the  sample,  are  to  be  promptly  filled,  and  these  samples 
art  to  be  kept  for  subsequent  determinations  of  moist- 
ure and  of  heating  value  and  for  chemical  analyses. 
During  the  process  of  quartering,  when  the  sample  has 
tan  reduced  to  about  100  ponnds,  a  quarter  to  a  half  of 
it  may  be  taken  for  an  approximate  determination  of 
moisture.  This  may  be  made  by  placing  it  in  a  shallow 
iron  pan,  not  over  3  inches  deep,  carefully  weighing  it, 
ud  setting  the  pan  in  the  hottest  place  that  can  be  found 
■  the  brickwork  of  the  boiler  setting  or  flues,  keeping 
"t there  for  at  least  12  hours,  and  then  weighing  it.  The 
determination  of  moisture  thus  made  is  believed  to  be 
Jpproximately  accurate  for  anthracite  and  semi-bitumi- 
nous coals,  and  also  for  Pittsburg  or  Youghiogheny 
<nl;but  it  cannot  be  relied  upon  for  coals  mined  west 
of  Pittsburg,  or  for  other  coals  containing  inherent 
moisture.  For  these  latter  coals  it  is  important  that  a 
Bore  accurate  method  be  adopted.     The  method  recom- 
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mended  by  the  committee  for  all  accurate  tests,  what- 
ever the  character  of  the  coal,  is  described  as  fol! 

lake  one  of  the  samples  contained  in  the  glass  jars, 
and  subject  it  to  a  thorough  air-drying,  by  spreading  it 
in  a  thin  layer  and  exposing  it  for  several  hours  to  the 
atmosphere  of  a  warm   room,   weighing   it   before  and 
after,  thereby  determining  the  quantity  of  surface  m 
urc  it  contains.     Then  crush  the  whole  of  it  by  running 
it  through  an  ordinary  coffee  mill  adjusted  so  as  to  pro- 
duce  somewhat    coarse    grains    (less   than    1/16   inch), 
thoroughly   mix   the   crushed   sample,   select   from   it  a 
portion  of  from   10  to  50  grams,  weigh  it  in  a  balance 
which  will  easily  show  a  variation  as  small  as  t  part  in 
1,000,  and  dry  it  in  an  air  or  Band  bath  at  a  temperature 
between  240  and  280  degrees    Fahrenheit  for   1   1. 
Weigh  il  and  record  the  loss,  then  beat  and  weigh  it  again 

repeatedly,  at  intervals  of  an  hour  or  less,  until  the  mini- 
mum weight  has  been  reached  and  the  weight  begin 

increase  by  oxidation  of  a  portion  of  the  coal.  The 
ferencc  between  the  original  and  the  minimum  weigh! 
is  taken  as  the  moisture  in  lb<'  air  dried  coal.  T 
moisture  test  should  preferably  be  made  on  duplicate 
samples,  and  the  results  should  agree  within  0.3  to  04 
of  I  per  cent,  the  mean  of  the  two  determinations  being 
taken  as  the  correct  result.  The  sum  of  the  percentage 
of  moisture  thus  found  and  the  percentage  of  surface 
moisture  previously  determined  is  the  total  moisture. 

XVI.     Treatment  of  Ashes  and  Refuse.— The  asl 
and  refuse  are  to  be  weighed  in  a  dry  state.     I 
found  desirable  to  show  the  principal  characteristics  of 
the  ash,  a  sample  should  be  subjected  to  a   proximate 
analysis  and  the  actual  amount  of  incombustible  material 
determined.     For  elaborate  trials  a  complete  analysis 
the  ash  and  refuse  should  be  made. 


iiistmn  is  to  Intra  the  sample  ot  coal  in  an  atnios- 
f  oxygen  <jas,  the  coal  to  he  sampled  as  directed 
:lc  XV  of  this  code. 

e  chemical  analysis  of  the  coal  should  be  made 
■  an  expert  chemist.    The  total  heat  of  corabus- 
nputed  from  the  results  of  the  ultimate  analysis 
obtained  by  the  use  of  Dulong's  formula. 

is  desirable  that  a  proximate  analysis  should  be 
thereby  determining  the  relative  proportions  of 
matter  and  fixed  carbon.  These  proportions 
an  indication  of  the  leading  characteristics  of 
I.  and  serve  to  fix  the  class  to  which  it  belongs, 
additional  indication  of  the  characteristics  of  the 
*  specific  gravity  should  be  determined. 

HIL  Analysis  of  Flue  Gases. — The  analysis  of 
:  gases  is  an  especially  valuable  method  of  deter- 
the  relative  value  of  different  methods  of  firing, 
different  kinds  of  furnaces.  In  making  these 
s  great  care  should  be  taken  to  procure  average 
s-since  the  composition  is  apt  to  vary  at  dif- 
pomts  of  the  flue.    The  composition  is  also  apt 
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mciit  may  be  employed  which  shows  the  weight  of 
sample  of  gas  passing  through  it. 

XIX.  Smoke  Observations. — It  is  desirable  to 
a  uniform  system  of  determining  am!  recording 
quantity  of  smoke  produced  where  bituminous  coal 
used.  The  system  commonly  employed  is  to  exf 
the  degree  of  smokincss  by  means  of  percentages 
pendent  upon  the  judgment  of  the  observer.  The  CO 
mitte  does  not  place  much  value  upon  a  percent 
method,  because  it  depends  so  largely  upon  the  pcrsc 
element,  bul  if  this  method  is  used,  it  is  desirable 
so  far  as  possible,  a  definition  be  given  in  explicit  tcr 
as  to  the  basis  and  method  employed  in  arriving 
percentage.  The  actual  measurement  of  a  sar 
soot  and  smoke  by  some  form  of  meter  is  to  be 
fcrrcd. 

XX.  Miscellaneous. — In     tests     for     purp 
scientific  research,  in  which  the  determination  of  all 
variable  entering  into  the  test  is  desired,  certain  ot 
rations  Should  be  made  which  are  in  general  nnnc 
sary  for  ordinary  tests.     These  arc  the  measurenu 
the  air  supply,  the  determination  Of  its  contained 
urc.  the  determination  of  the  amount  of  heat 
radiation,  of  the  amount  of  infiltration  of  air  thr 
the  setting,  and  (by  condensation  of  all  the  steam 
by   the   boiler)    of   the    total   heat    imparted    to   the 

As   these   determinations   are   rarely   undertaken] 
is  not  deemed  advisable   to  give  directions  for  ma'- 
them. 

XXI.  Calculations  of  Efficiency. — Two  mcth< 
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lining   and   calculating  the   efficiency  of  a  boiler  arc 
intended.    They  arc: 
I,      Efficiency   of   the    boiler 

Heal  absorbed  per  lb.  combustible 


Calorific  value  of  i  lb.  combustible 
2.     Efficiency  of  the  boiler  and  grate 
Heat  absorbed  per  lb.  coal 

Calorific  value  <>f  i  Mi.  coal 

The  first  of  these  is  sometimes  called  the  efficiency 
Used  on  combustible,  and  the  second  efficiency  based 

|on  coal.     The   first   is   recommended   as   a   standard   of 
comparison  for  all  tests,  and   this  is  the  one  which   is 

pideistood  to  be  referred  to  when  the  word  "efficiency" 
»lcme  is  used  without  qualification.     The  second,  how- 

prer,  should  be  included  in  a  report  of  a  test,  together 

with  the  first,  whenever  the  object  of  the  test  is  to  de- 

i!  the  erHciencj  of  the  boilet  and  furnace  together 

•nth  the  grate   (or   mechanical  stoker),  or  to  compare 

Efferent    furnaces,  grates,  fuels,  or  methods  of  firing. 

The  heat  absorbed  per  pound  of  combustible  (or 
|er  pound  of  coal)  is  to  be  calculated  by  multiplying 
lie  equivalent  evaporation  from  and  at  212  degrees  per 
pound   combustible   (or   coal)    by  965.7. 

XXII.  The  Heat  Balance. — An  approximate  "heat 
Glance."  or  statement  of  the  distribution  of  tin  licit- 
og  value  of  the  coal  among  the  several  items  of  heat 
itilized  and  heat  loal  maj  be  included  in  the  report  of 
a  test  when  analyses  of  the  fuel  and  of  the  chimney 
?»scs  have  been  made.  The  methods  of  computing  the 
heat   balance   and    the    form    in    which    it    should    be    re 

I,  are  given  in  Steam  Boiler  Efficiency. 

XXIII.  Report  of  the  Trial.— The  data  and  results 


1 1-; 


STATIONARY    ENGINEERING. 


should  lie  reported  in  the  manner  given  in  cit 
t In-  inn  fnlli'win::  i.ii'k'^.  ■•muting  lines  where  tl 
have  not  been  made  as  elaborate  as  provided  for 
tables.    Additional  lii  led  Foi  'lata 

to  the  specific  object  "f  the  test.  The  extra  lines 
be  classified  under  the  headings  provided  in  the 
and  numbered  as  per  preceding  line,  with  sub-ic 
b,  etc.  The  short  form  of  report  is  recommen 
commercial  tests,  anil  as  a  convenient  form  of  ah 
the  longer  form  fur  publication  when  saving  of  « 
desirable.      For  elaborate  trials,  it   is  recommend 

the  full  log  of  the  trial  be  shown  graphically,  by 

of  a  chart. 

TABLE    OF    DATA    AND    RESULTS    OF 
ORATIVE  TEST. 


,J 


Arranged  in  Accordance  With  the  Short  Form 
by    the    Boiler    Test    Committee    of    the    Anu 
Society  of  Mechanical  Engineers. 

Made  by on boiler,  at 

determine   

Grate  surface   

Water-heating   surface    

Superheating  surface 

Kind  of  fuel 

Kind  of   furnace 

Total  Quantities. 

i.  Date  of  trial 

2.  Duration  of  trial 

3.  Weight  of  coal  as  fired. 

4.  Percentage  of  moisture  in  coal. 

5.  Total  weight  of  dry  coal  consumed 
f>.  Total  ash  and  refuse 
7.  Percentage  of  ash  ami  refuse  in  drj  1  1  *l 
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ta'  weight  of  water  fed  to  the  boiler  lbs. 

ater   actually  evaporated,  corrected 
for  moisture  or  superheat  in  steam . .  lbs. 

Hourly  Quantities. 

ry  coal  consumed  per  hour lbs. 

ry  coal  per  hour  per  square  foot  of 

grate  surface lbs. 

n'ater  fed  per  hour lbs. 

Equivalent  water  evaporated  per  hour 

from   and  at  212  degrees  corrected 

for  quality  of  steam lbs. 

equivalent      water     evaporated     per 

square  foot  of  water-heating  surface 

per  hour lbs. 

Average  Pressures,  Temperatures,  Etc. 

Average  boiler  pressure lbs.  per  sq.  in. 

Average  temperature  of  feed  water. . .  deg. 

Average  temperature  of  escaping  gases  deg. 

Average  force  of  draft  between  damper 

and  boiler   ins.  of  water. 

Percentage   of  moisture  in   steam,  or 
number  of  degrees  of  superheating. 
Horse  Power. 
Horse    power   developed    (Item    13  -=- 

34K)   H.P. 

Builders'  rated  horse  power H.  P. 

Percentage    of   builders'    rated    horse 

power    per  cent. 

Economic  Results. 
Water     apparently     evaporated     per 
pound  of  coal  under  actual   condi- 
tions.    (Item  8  -r-  Item  3) lbs. 

\  Equivalent  water  actually  evaporated 
from  and  at  212  degrees  per  pound 
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of  coal  as  fired.     (Item   13  -f-(Item 

.        5+*)) 

25.  Equivalent  evaporation   from   and   at 

212  degrees  per  pound  of  dry  coal. 
(Item  13  ■+■  Item  10) 

26.  Equivalent   evaporation   from   and   at 

212  degrees  per  pound  of  combusti- 
ble.    [Item  13  -j-  [(Item  5  —  Item 

6)  -7-  Item  2] 

(If  Items  23,  24  and  25  are  not 
corrected  for  quality  of  steam,, 
the  fact  should  be  stated.) 
Efficiency. 

27.  Heating  value  of  the  coal  per  pound. .  B. 

28.  Efficiency   of   boiler    (based   on    com- 

bustible)     

29.  Efficiency    of    boiler,    including   grate 

(based   on   coal) 

Cost  of  Evaporation. 

30.  Cost  of  coal  per  ton  delivered  in  boiler 

room    $ 

31.  Cost  of  coal  required  for  evaporation 

of  1,000  pounds  of  water  from  and 
at  212  degrees $ 
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Q.     What  is  the  operation  of  the  OttC-pipe 
A.     In  this  system  the  steam  from  the  l>oil 
ricd   to   the   risers   through  one   pipe,  the   com 
flowing  back  through  the  same  pipe. 

Q.  What  is  the  operation  of  the  two-pipe 
A.  This  system  has  two  connections  for  c 
ator,  one  serving  as  an  inlet  for  the  steam  and 
as  an  outlet  for  the  water  of  condensation,  il 
passing  through  one  pipe  and  the  water  flowmj 
the  .boiler  through  the  return  pipe. 

Q.     What  is  the  operation  of  the  exhaust 
pressure  system? 

A.  In  this  system  tin-  steam  heating  mat 
nected  to  the  exhaust  pipe  from  the  engine  or  p 
also  to  a  live  steam  pipe  from  the  boiler, 
steam  is  only  used  when  there  is  an  insufBcien 
haust  steam.  Should  the  supply  of  exhaust  s 
come  excessive,  the  exees>  will  escape  by  the  0| 
the  back  pressure  valve  and  its  discharge  into  tt 
phcre. 

Q.     What  is  the  operation  of  the  vacuum  s 

A.  In  this  system  the  returns  arc  conne< 
receiver  which  collects  the  air  and  water  in  th« 
To  this  receiver  is  connected  a  vacuum  purr 
removes  all  the  air  and  water  in  the  system,  a 
tains  a  vacuum  at  any  desired  degree.  When 
tcin  is  used  there  is  no  back  pressure  on  the  en 

Q.     What  are  hot  water  heating  systems? 

A.     Hot  water  systems  are  very  similar  to  t 
systems,  except  that  hot  water  flows  through 
and  radiators  instead  of  steam, 

Q.     How  is  the  temperature  in  a  hot  wate 

I    ' ■ 
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By  varying  the  temperature  <>f  the  water  flow- 

ugh  the  pipes'. 

Q,     \\  hat  i>  meant  by  central  station  heating? 

I  A.     It  i»>  the  heating  of  large  districts  from  one  cen- 

I  plant,  instead  of  from  separate  plants  in  each  build- 

c I  ling. 

How    is   the   heat    transmitted   from    the   central 

Through    pipes    properly    insulated,    which    are 
By  laid  underground. 
Q.     What  is  meant  by  one  boiler  horse  power? 

he  evaporation  of  3448  pounds  of  water 
•  213  degrees  Fahrenheit,  or  the  evaporation 

pounds  of  water  per  li"iir    from  feed  water  having 
[Kirature  of   100  degrees   Fahrenheit   into  strain  at 
pressure.     It   is  equal   to    the  absorption  of 
B.  T.  U.  by  the  water  in  the  boiler. 
What   is  meant  by  the  efficiency  of  a  boiler? 
It  is  the  ratio  between  the  heat  units  utilized  in 
[production  of  steam,  and  the  heat  units  contained  in 
l  furl  used. 

What  is  the  equivalent  evaporation? 
It    is    the   reduction  to  a  common  basis  of  the 
ilion  of  different  boilers  operating  under  different 

What  are  factors  of  evaporation? 
They   arc  the  numbers  or  factors  representing 
i  amount  of  dry  steam  under  different   pressures  eon- 
111   every   pound  of  feed   water  evaporated. 

•u  find  the  equivalent  evaporation  of 
bofl. 

Multiply  the  actual  evaporation  by  tin   factor  of 

1  m. 
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Q.     What  is  a  calorimeter? 

A.     It  is  an  apparatus  used  for  the  purpo 
mining  the  amount  of  moisture  contained  in  si 

Q.     What   are   the   standard   rules   for 
boiler  trials? 

•A.     The  rules  adopted  by  the  American 
Mechanical  Engineers. 
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CHAPTER  XV. 

THE  STEAM  ENGINE. 

Definition. — The  Steam  Engine  is  an  apparatus  | 
converting  heat  into  mechanical  power. 

The  Savery  Engine. — The  first  practical  engine  wa» 
constructed  by  Thomas  Savery  in  the  year  1603.  and  fj 
used  to  pump  water  out  of  a  mine,  as  were  all  the  fi 
constructed  engines.     It  consisted  simply  of  two  oval  v 
sels  placed  side  by  side  and  in  communciation  with 
boiler.     The  lower  parts  of  the  vessels  were  connect 
by   tubes    fitted   with   suitable   valves;  steam   fr. 
boiler  was  admitted  to  one  of  the  vessels,  and  then  co 

densi-d   I)' ling   the   surface  oi    the   teBStA  with   w.1! 

In   this  way   a   vacuum  was   formed   inside   the   W 
which  upon  opening  the  valve,  drew  up  the  water  fror< 
the  mine  until  the  vessel  was  full.    The  valve  wat  th 
closed  and  steam  again  admitted,  so  that  upon  open  in. 
the  second  valve  the  water  was  forced  out  through  t 
discharge  pipe.     The  two     vessels  were   worked  alte 
nately,  so  that  while  one  was  being  filled,  the  other 
Open  to  the  boiler  and  being  emptied 

Defect. — The  waste  of  steam  in  this  apparatus  w. 
enormous,  the  consumption  of  coal  being  about  twen 
times  as  great  as  required  by  a  modern  steam  cngi 
to  do  the  same  amount  of  work. 

The  Newcomen  Engine. — In  1705  N'cwcomen  great 
improved  upon  the  Savery  engine  by  reducing  t 
amount  of  steam  necessary  to  be  condensed  in  operath 
the  Savery  engine,  by  making  use  of  a  piston  win 
worked  in  a  cylinder. 

In  the  Newcomen  engine  shown  in  Fig.    134  the 
was  a  horizontal  lever  or  beam  pivoted  at  the  cent, 
carrying  at  one  end  a  heavy  rod  which  connected  wit 
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the  pump  in  tli<-  mine  In-low.     A  piston  ffU  hung 

the  other  end  of  this  lever,  which  piston  worked  up 
down   in  a  cylinder  open  at  the  top.     Steam  at  atmoa 
pluiii-  pressure  WtS  admitted  from  the  boiler  to  thi 
bider,  and  as  the  pressure  was  iii<-  nnu  on  i>oth  sides 
of  the  piston,  the  falling  of  the  heavy  pump  rod  raised 

the  piston. 

A  jet  of  water  was  then  introduced  into  the  cylin- 
der to  condense   the  steam  and  form  a  vacuum. 
left  the  piston  with  the  pressure  of  the  atmosph 
is  about    15  lbs.   to  the  square   inch,  on  one  side  of 
and  hut  little  pressure  on  the  «>ther.  which  di fieri 
pressure  forced  the  piston  down,  unci  in  this  way  rai 
the  pump  rod.    Steam  was  then  again  admitted  into 

cylinder  and  c lenscd.  forcing  the  pision  dov 

and  the  pump  in  this  way  operated. 

Cylinders. — The  cylinders  were  usually  n 
and  the  workmanship  so  poor  that  a  tight  join! 
not   be   made  between    the    piston   and   the    walls  of  thr 
cylinder.     This   pcruiiitnl   tin      steam   to  escape 
around  the  piston.    To  prevent  this  as  much  as  pu.* 
a  jet  of  water  was  made  to  plus  on  the  top  of  the  piston 
thus  making  a  water  seal,  through  which  the  steam  cotiM 
not  escape. 

One  of  the  greatest  troubles  with  all  the  first  en- 
gines constructed  was  that  they  required  some  one  to 
open  and  close  the  cocks  to  admit  the  steam  anil  water 
boys  In-ini;  usually  employed  for  this  work.  In  order 
to  get  time  to  play,  one  of  them,  rigged  a  catch  at  th< 
end  of  a  cord  which  was  attached  to  the  overhead  beam, 
and  in  this  way  the  first  automatic  engine  was  con- 
structed. While  the  Newcomen  engine  was  a  great  im- 
provement on  all  previous  efforts,  it  was  also  most  waste- 
ful and  clumsy.     Later,  the  cylinders  were  made  of  irofl 


•a  pn  ISardsley,  Near  Ashlon Under -I,yne 

OBI  Of  Use  1H30. 
rtnsi  Mr   H"nry  [Mivey's  paper  before  the  Institution  of 
Mechanical  Engineers. 
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instead  of  wood,  l»n t  they  were  cast  rough,  and  the  work 
mansbip  far  from  perfect. 

The  James  Watt  Engine. — In  the  year  1764  Jam< 
Watt,  who  waa  BO  instrument  maker  in  Glasgow,  Scot 
land,  devised  the  present  type  of  steam  engine,  and  wlnlt 
the  workmanship  of  the  steam  engine  has  been  much  in 
proved  since  that  day,  no  great  improvement  has  bea 
made  upon  his  ideas  and  suggestions,  with  the  one  ex- 
ception of  compound  expansion.  All  other  improvement 
have  been  merely  carrying  out  his  ideas,  which  bck 
good  tOOla  alone  prevented  him  from  executing. 

Steam  Engine  Efficiency. — Watt   found   that  to 
tain  the  best   results  from  a  steam  engine  that  it  w» 
necessary 

"First,  that  the  temperature  of  the  cylinder 
always  be  the  same  as  that  of  the  steam  which  enterc 
it;  and,  secondly,  that  when  the  steam  was  condensed  i 
should  be  cooled  to  as  low  a  temperature  as  possible." 

Separate     Condenser. — Instead  of     condensing 
steam  in  the  cylinder  itself,  he  used  a  separate  vessel 
condenser  into  which  he  injected  the  water  to  conde 
the  steam.     In  this  way  he  kept  the  cylinder  almost 
hot  as  the  entering  steam.     He   made  the  piston  tig 
by  using  greater  care  in  it>  construction,  so  thai 
not  necessary  to  keep  it  under  a  water  seal,  wh 
greatly  cooled  the  piston  and  the  cylinder  walls. 

Closed  Cylinder. — All  his  predecessors  bad  left 
end  of  the  cylinder  open,  which  permitted  the  steam  tc 
be  used  only  on  one  side  of  the  piston,  bill  Watt  ctostd 
both  ends  of  the  cylinder,  thus  not  only  preventing 
air  from  cooling  the  piston,  but  permitted  the  steam 
act  on  both  sides  of  the  piston,  making  the  engine  donbl" 
acting. 

In  order  to  keep  the  cylinder  as  hot  as  the  ente 
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(earn,  be  jacketed  the  cylinder;  l>ut  what  was  far  more 
Important,  be  used  the  steam  expansively,  that  is,  the 
Ream  was  shut  off  when  the  piston  harl  made  only  a  part 
d  the  stroke,  permitting  the  expansion  .if  the  steam  to 
complete  the  stroke,  and  thus  adding  greatly  to  the 
economy  of  the  engine  in  the  saving  of  steam,  which 
be  otherwise  wasted. 
Classes  of  Engines. — Engines  are  classified  accord- 
the  work  f.>r  which  they  are  built,  as,  (i)  sta- 
,  portable,  etc.;  (2)  from  the  arrangement  of  the 
rs.  as.  simple,  compound,  triple  expansion,  etc.; 
ling  to  the  character  of  the  valves  to  control 
ill  of  the  steam,  as  plain  slide  valve,  au- 
tic  cut  off.  Corliss,  etc. ;  (4)  according  to  the  mo- 
piston,  as  reciprocating  and  rotary. 

Subdivisions. — The   principal    subdivisions   of   these 
of  a  are   (l)   condensing  engines.   (2)   non- 

sing  engines,  (3)  single  acting  engines.  (4)  double 
engines. 

tion   of  Types. — A   stationary   steam     engine 

engine  designed  to  remain  in  the  same  place  where 

its  work  without  changing  its  location. 

is  that  operate  factories,  office  buildings,  elcc- 
ilants  or  any  character  of  stationary  steam 
ng  to  this,  class. 

A  portable  steam  engine  is  an  engine  designed  to  be 
from   place  to  place,  or  one  that  docs  its  work 
in  transit. 

.is  marine  and  locomotive  engines  are 
Me  engines,  they  being  designed  to  propel  steam- 
er trains  of  cars  from  place  to  place.    Also,  hoist- 
am  hammers,  steam  drills,  and  all  pump- 
ilowing  and  fire  engines  belong  to  this  class  of  en- 


mONAKY    KHOtMlCBKIM 

gines.  as  they  arc  capable  of  being  moved  with  ease  fr    * 
place  to  place. 

Simple    Engine. — This    is    an    engine    in    which  ihej 
steam  is  used  expansively  in  oalj  one  cylinder     Shotdj 
the  steam  be  used  in  more  than  one  Cylinder  bcl 

I  xhaustcd  or  discharged,  the  engine  is  then  said  tfl  I 
a  multiple  expansion  engine. 

Compound  Engine. — This  i  in  engine  which  lot 
two  cylinder-;,  the  Steam  being  |  inded  twice  before 
its  final  dischirgt 


Triple  Expansion  Engine  is  one  which  bus  three 
inders,  that  is  the  steam  is  expanded  three  times  Ijcfoff 
its  discharge. 

Reciprocating   Steam   Engine. — In   tin-   type  of 
ginc  the  work  is  done  by  the  reciprocating  mo 
piston,  that  is,  its  motion  back  and  forth  in  the  cylinder 
This  reciprocating  motion  of  the  piston  mu  hangej 

int..  a  continuous  rotary  motion  before  the  power  of  ih 
engine  can  he  used.     The  form  of  mechanism 
this  purpose  is  practically  the  same  for  all  t> 
ciprocating  engines.     This  reciprocating   mechm 
shown  in  the  diagram  Fig.  135. 

Rotary  Engine. — In   this   1  nvmc  the  |>iflH 

instead  of  returning  to  its  starting  point,  continue? 
ing  in  one  direction,  tin    pisti  n   and   crank   being  ruj 
11. 1  ted  to  the  shaft  and  rotating  in  the  same  ch.. 
In  tlii.  is  p.   of  engine  tin   steam  i  ted  expansive 

done  in  the  reciprocating  engine. 

Non-Condensing  Engine. — In  this  type  of  engine  tl 
team  after  having  been  expanded   in  tin 
to  the  atmospheric  pressure,  or  near  that  pressure 


of* 
work  tor  the 

oith 

aa  the  sue  a 
be  made  cost 
fast  cost  of  the  ea 
tabor  sad  attention  ne 
to  dm  tr 
The  cost  of  the  ne- 
ts also  in  mar 
places  greater  than  would  be  the  saving  in  fuel,  as  it  r 
qtrircs  about  25  times  as  mnch  water  for  condensing.  4 
for  the  steam  which  is  used  by  the  engine. 

Single  Acting  Engine. — This  b  an  engine  in  whi* 
the  steam  acts  only  on  one  side  of  the  piston. 

Double  Acting  Engine. — This  is  the  form  of  engi 
now  generally  used,  the  >team  acting  on  both  sides 
the  pfttOB. 

Part*  of  the  Steam  Engine. — In  Kg.  147.  is  sho1 

iprocating  mechanism  of  an  ordinary  steam  1 

,  while  in   Fig.   137  is  shown  in  elevation  the  usi 

l>|K'  of  a  simple  steam  engine,  together  with  the  princi; 

pgrtt. 
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Reciprocating  Parts.— These  arc  all  the  parts  which 
move  back  and  forth,  cither  in  a  horizontal  or  ;i  vertical 
direction.     They  arc  viz.:  (i)  the  piston;  {21   tin-  pj 
rod;  (3)  the  cross  head  and  (4)  the  connecting  rod.    The 
connecting  rod  is  attached  to  the  crosshead,  the  c 
bead  to  the  piston  roil,  the  piston  rod  to  the  piston,  and 
Ofl  l In-  pistOfl  tin-  pressure  of  the  steam  is  exerted  to  per- 
form the  work  to  be  done  by  moving  it  back  anil 
in  the  cylinder. 

The  Cylinder  is  that  part  of  the  engine  in  which  UK 
piston  moves.     11  is  made  of  cast  iron  and  accurately 

bored,  for  should  linn  In  Miy  UnevCneM  it  would  per- 
mit the  steam  to  pass  through  between  the  piston  and 
■  ylinder  walk,  or,  if  too  tight,  it  will  cause  the  piston  to 
stick,  or  work  with  too  much  friction. 

The  cylinder  heads  cover  the  ends  of  the  cylin 
being  securely  bolted  thereon,  thus  making  the  cylinder 

steam  tight.  In  the  crank  end  of  the  cylinder  head,  that 
in  the  end  nearer  the  crank,  there  is  left  an  opening 
through  which  the  piston  rod  passes.  This  opening  is 
made  steam  tight  by  a  stuffing  box  which  surrounds 
the  piston  rod. 

The  piston  rod  is  made  of  steel  and  connects  the 
cross-head  ami  the  piston,  to  which  it  i>  rigidly  fixed. 

The  cross-head  serves  to  join  the  piston  rod  and  con- 
necting rod.     It  is  guided  by  the  cross  head  guides. 

The  connecting  rod  is  a  steel  forging  from  3  to  8 
times  the  length  of  the  crank,  depending  on  tin  1 
the  engine.  One  of  its  ends  is  joined  to  the  cross-head 
by  the  wrist-pin,  while  the  other  end  is  fastened  to  the 
crank  by  the  crank  pin,  and  this  end  revolves  with  the 
crank  in  a  circle  while  the  other  end  slide.  li.uk  and 
forth  with  the  cto>-.  head,  and  in  this  way  if  changed 
rlir  reciprocating  motion  of  the  piston,  into  the  circular 
I  ion  of  the  crank  and  Hy  wheel. 
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The  crank  pin  forms  the  connection  between  the 
crank  and  the  connecting  rod. 

The  crank,  which  is  equal  in  length  to  one-half  the 
stroke  of  the  piston  or  engine,  converts  the  reciproca- 
ting motion  of  the  connecting  rod  into  a  circular  motion 
as  above  explained.  The  crank  may  be  simply  an  arm, 
or  a  complete  disc,  keyed  to  one  end  of  the  shaft  as 
shown  in  the  above  Figs.  135  and  137. 

The  shaft  transmits  the  rotary  motion  from  the 
crank  to  the  fly  wheel.  The  steam  chest  receives  the 
steam  directly  from  the  boiler,  before  it  passes  through 
the  steam  ports  to  the  cylinder.  The  eccentric  is  a 
disc,  keyed  to  the  shaft  so  that  its  center  and  the  cen- 
ter of  the  shaft  do  not  coincide.  It  is  a  species  of  a 
crank,  its  peculiarity  being  that  its  crank  pin  is  increased 
to  such  a  size  that  it  exceeds  the  diameter  of  the  shaft. 
The  distance  between  the  center  of  the  crank  pin 
and  the  center  of  the  shaft,  is  called  the  radius  of  eccen- 
tricity.. The  radius  therefore  is  the  distance  between  the 
center  of  the  disc  and  the  center  of  the  shaft. 

Eccentric. — In  Fig.  141  is  shown  a  diagram  of  an 
eccentric,  the  parts  of  which  are  as  follows:  (1)  shaft 
center;  (2)  eccentric  center;  (o)  radius  of  eccentric, 
(4)  eccentric  strap ;  (5)  set  bolts ;  (6)  eccentric  rod ;  (7) 
eccentric  rod  foot. 

The  distance  8  is  called  the  throw  of  the  eccentric, 
and  is  twice  the  radius,  or  the  difference  between  the 
heavy  and  light  sides  of  the  eccentric.  The  eccentric  is 
therefore  equivalent  to  a  crank  whose  length  is  equal  to 
the  radius  of  the  eccentric. 

The  Engine  Base. — This  must  be  massive  enough 
to  absorb  the  vibrations  of  the  moving  parts,  thus  re- 
ducing the  wear  on  all  the  parts  of  the  engine  as  much 
as  possible.    It  also  serves  as  a  top  plate  to  the  masonry, 
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permitting  the  engine  to  be  set  and  aligned  with 
curacy. 

The  Tangee  or  Porter-Allen  type  of  engine  frame 
has  only  one  main  bearing  for  the  crank  shaft,  and  is 
most  commonly  used  for  high  speed  engine* 

In  the  Girder  type  of  engine  frame,  the  crank  end 
and  cylinder  end  are  supported  on  separate  foundations, 
the  middle  part  between  the  supports  carrying  the  cross- 
head  slides. 

All  the  principal  parts  of  an  ordinary  steam  engine 
arc  shown  in  Fig.  137  and  148,  and  they  must  be  thor- 
oughly understood  and  remembered  in  order  to  under- 
stand the  operation  of  the  steam  engine. 

In  Fig.  137  is  shown  the  side  elevation  of  a  high 
speed  horizontal  engine,  with  steam  separator  and  trap, 
in  which  the  principal  parts  arc  as  follows,  the  num- 
bers corresponding  to  those  shown  in  this  illustration. 
viz.: 

1.  Engine  frame. 

2.  Cylinder  head. 

3.  Piston  rod. 

4.  Connecting  rod. 

5.  Belt  or  fly  wheel. 

6.  Shaft. 

7.  Crosshcad. 

8.  Engine  frame. 

9.  Stuffing  box  gland. 

10.  Wrist  pin. 

11.  Crank  wheel. 

12.  Crank  pin  oil  cup. 

13.  Engine  frame. 

14.  Steam  separator. 

15.  Cylinder  cocks. 

16.  Drain  pipe. 
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17.  Vent  cock  of  trap. 

18.  Discharge  of  trap. 
in  Blow  oil  valve  of  trap. 
20.  Water  glass  f'>r  trap. 
31.  Steam  inlet  pipe  to  engine. 

In  Fig.  145  is  shown  a  sectional  view  of  the  pi 
with  parts  of  the  connecting  rod  and  piston 
bered  as  follows: 

2.  Section  of  piston. 

3.  Recesses  for  piston  rings. 

4.  Section  of  piston. 

5.  Strap  for  crosshead  bra 

6.  Wrist  pin  brasses. 

7.  Connecting  rod. 

8.  Strap  holts  crank  end. 

9.  Key  for  adjusting  crank  pin  brasses. 

10.  Crank  pin  brasses. 

11.  Strap  for  crank  pin  brasses. 

Valves  and  Valve  Gears. — In  most  engines  tl 
distributing  valves  receive  their  motion  from  on 
more  eccentrics  and  to  have  a  perfect  understand^ 
any  character  of  engine,  the  first  essential  is  to  ha 
thorough  understanding  of  the  valves  and  valve  ges 
which  is  meant  the  distributing  valves,  the  eccentric 
eccentric  strap,  the  eccentric  rod,  the  rocker  and 
valve  stem.  Engines  .'ire  usually  constructed  cither 
a  single  valve,  or  with  four  valves. 

Single  Valve  Engine. — In  this  type  of  engine,  a 
gle  valve  controls  the  admission  and  distribution  ol 
i  in  for  both  ends  of  the  o  -Under,  as  in  the  com 
slide  valve  engine. 

Four  Valve  Engine. — Such  an  engine  has  sepi 
valves  for  the  admission  of  the  steam  to  the  cylinder, 


Sectional  View   of  Ordinary    filiiJo  Valve. 
Fig.  13-S. 


I  of  ordinary  Sll<l*  Vnlvr.  with  and  Without  Lap  and  Lead. 
Klg.  13». 
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for  its  discharge  or  exhaust,  as  a  Corliss  engine, 
valves  arc  placed  at  each  end  of  the  cylinder. 

Common  Slide  Valve  Engine". — The  simplest  val 
gear  is  that  of  the  slide  valve  type,  which  is  usually 
erated  with  one  eccentric  which  is  fastened  to  the  si 
of  the  engine. 

The  "D"  Slide  Valve  and  Steam  Distribution.— In 
Fig.  139  is  shown  the  ordinary  slide  valve,  (he  u pper  dia- 
gram showing  it  without  lap"  or  lead,  and  the  lower  tii 
gram  with  both  lap  and  lead.     Owing  to  its  rcsemblatv 
to  the  letter  "D,"  this  vafvc  is  usually  called  the 
Slide  Valve. 

The  valve  itself  is  box-shaped,  and  slides  ba 
forth  on  a  flat  seat  which  forms  a  part  of  the  cyli 
This   flat  scat   has  long     rectangular  openings 
•communicate  with  curved  passages,  called  ports,  whk 
lead  to  each  end  of  flic  cylinder.     As  the  valve  mores 
to  the  right,  it   unc6vcrs   the   left  port,  permit  ti 
steam  to  enter  the  left  end  of  the  cylinder.      The  >uarr 
cannot  enter  the  other  end  of  the  cylinder  for  that  port 
or  opening,  is  closed,  being  covered  by  the  valve.    Tb« 
larger  central  port,  called   the  exhaust  port,  is  alwsj 
closed  to  the  liv<  steam.     By  live  steam  is  meant  fre* 
steam,  as  it  posftcscs  all  its  energy,  it  not  having 
any  work. 

The  steanl  pressure  therefore  forces  the  pigtofl 
wards  the  right  end  of  the  cylinder.  When  it  rcacke* 
that  end,  the  valve  uncovers  both  the  right  port  on  orrf 
side  of  the  piston,  which  admits  the  live  steam,  and  lb* 
exhaust  i«>rt  on  the  opposite  side  of  the  piston,  throug* 
which  is  discharged  or  exhausted  the  now  .te»n> 

the  piston  being  again  forced  to  the  left  end  of  cylinder 
In  order  to  open  the  exhaust  port,  so  that  the  prcssBT* 
on  the  opposite  side  of  the  piston  will  be  at  once  re- 
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moved,  the  valve  at  its  middle  is  made  hollow,  and  by 
bringing  at  the  same  time  the  hollow  part  of  the  valve 
over  the  middle  port  ;mil  over  the  end  port  towards 
which  the  piston  is  moving,  these  iv.  i  ports  arc  put  in 
communication  with  each  other,  permitting  the  steam 
behind  the  piston  to  escape,  or  be  exhausted  as  it  is 
ailed. 

The  upper  diagram  of  Fig.  139  shows  the  valve 
in  its  central  position,  in  which  position  steam  is  neither 
admitted  to  the  cylinder  nor  exhausted  from  it.  Num- 
bers 3  and  5  are  the  steam  ports  through  which  steam 
is  admitted  into  the  cylinder.  4  is  the  exhaust  port 
through  which  the  steam  escapes  from  the  cylinder  after 
it  has  done  its  work.  This  port  4  is  in  communication 
with  the  atmosphere,  or  a  condenser.  1  is  the  valve  rod 
t>y  which  the  valve  is  moved  back  and  forth  across  the 
steam  ports  3  and  5.  This  valve  rod  is  connected  to  the 
eccentric,  from  which  it  derives  its  motion.  7  is  the  pis- 
tol against  which  the  steam  acts  to  rotate  the  crank  or 
■fee  which  is  fastened  to  the  engine  shaft. 

In  the  position  of  the  valve  shown  in  the  upper  ilia- 
gram  of  the  Fig  139.  should  the  steam  he  admitted  to  the 
steam  chest,  which  is  a  chamber  in  which  the  valve  oper- 
ates, then,  as  both  the  steam  ports  3  and  5  leading  to  the 
of  the  cylinder  arc  closed  by  the  valve,  no  stca.m 
z*n  pass  into  the  cylinder  and  hence  no  force  would  be 
'wrted  upon  the  piston,  and  therefore  all  parts  of  the 
engine  would  remain  stationary. 

In  the  position  of  the  valve  shown  in  the  lower  di- 
Ipain  of  Fig.  130.  the  engine  is  on  the  center,  the  left 
POrt  3  being  slightly  open  and  the  piston  7  just  begin - 
bog  its  forward  stroke.  By  forward  stroke  is  meant 
ving  of  the  piston  from  the  head  end  to  the  crank 
Dtd  of  the  cylinder,  that  is,  from  the  left  to  the  right.    6 


474 


STVTios  \RV    RNCINRKlING, 


is  the  head  end  cylitld«l   cover  from  which  the  piste 
jnsi  beginning  to  tao\  ■ 

As  the  piston   moves   Forward   in   the  strol 
valve  will  further  uncover  the  left  port  3,  thus  ad 
more  steam  to  act  against  the  piston,  and  this  admis 
i.f  steam  will  continue  until  the  valve  entirely  un 
this   port  and  again  closes  it.     On  the  return   stroke 
the  piston,  which  is  from  the  crank  end  to  the  head 
1 111--  port  3  opens  to  permii  the  steam  in  the 
which  will  then  be  behind  the  piston,  to  exhaust  throu 
the    port    4.    the    live    steam    then    entering    throu 
right  port  5. 

So  we  sot  that  on  the  return  stroke  the  proce 

reversed,  the  port  5  bring  for  tin-  admission  of  tli 
and  the  port  3  for  its  exhaust.    This  motion  of  tlie 
distributing  the  steam  alternately    firsl   to  the  left 
then  to  the  right,  will  continue  until  the  steam  is  lina 
shut   off  from    tin-  engine   l>y  closing  the   throttle 

thus  bringing  the  engine  to  ■  stop. 

It  is  therefore  seen  that  the  piston  in  the  cylii 
of  an  engine  is  propelled  back  and  forth  by  the 

•I.-.-  fon<-  of  the  steam   which  is  admitted  altemat 
either  end  of  the  cylinder,  and  acts  first 
the  piston  to  drive  it   forward  and  then  upon  the 
side  to  drive  it  back  to  the  starting  point 

As  the  steam  i-  under  great  pn 
high  as  200  pounds  to   the  square  inch,  the  force 
on   the   piston  at   anv  given   instant   is  11.  In 

engine  with  the  cylinder  16  niches  in  diam 
100  pounds  average  steam  pressure  acting  Up 
force  will  amount  to  as  much  as  20.100  pounds 
out  the  entire  stroke  of  the  pisti  D. 

Aftei    the  steam  has  forced  the  piston   to  tin 
ii.  ■  .  linilc  1.  the  valvi  opens  the  exhau 


STATIONARY  ENGINEERING. 


475 


K  steam  to  escape,  or  exhaust.     All  this  must  be  done 
j  the  valve  precisely  at  the  right  moment. 

An  engine  running  at  a  speed  of  300  revolutions  per 
Bute,  makes  600  strokes  per  minute,  as  the  piston  must 
nvel  twice  the  length  of  the  cylinder  during  each  rev- 
fction  of  the  crank.  This  means  600  admissions  and 
ioo  exhausts  per  minute,  or  10  per  second.  Not  only 
mst  the  valve  move  with  this  great  rapidity,  but  also 
nth  the  greatest  accuracy,  as  it  must  open  the  port  to 
nit  the  steam,  and  then  close  it  at  the  proper  mo- 
lt, and  then  allow  it  to  remain  Closed  long  enough  for 
;  steam  to  expand  should  the  valve  have  lap,  and  then 
open  it  for  its  discharge. 
As  the  human  mind  and  body  are  not  capable  of 
king  and  acting  with  such  rapidity,  the  valve  must 
!  operated  automatically,  which  means  self-acting  from 
:  forces  within  itself. 

Expansion. — In  order  that  the  expansive  properties 

f  steam  may  be  fully  utilized,  its  admission  to  the  cyl- 

must  be  cut  off  before  the  piston  arrives  at  the  end 

(the  stroke,  thus  allowing  the  remainder  of  the  stroke 

ibt  made  by  the  force  of  the  expansion  of  the  steam 

e,  unaided  by  the  continuance  of  the  boiler  pressure. 

1  order  to  confine  the  steam  within  the  cylinder  after 

l admission  is  cut  off,  the  valve  must  continue  to  keep 

!  steam  port  closed  so  that  the  steam  cannot  escape. 

Cut  Off. — This  is  the  point  of  a  piston's  travel  at 

jfchthe  steam  admission  port  closes,  no  further  steam 

admitted  into  the  cylinder  during  the  stroke. 

With  the  valve  shown  in  the  upper  diagram  of  Fig. 

•this  could  not  be  done,  the  steam  being  admitted  the 

e  stroke  of  the  piston,  as  the  steam  port  could  not 

Vised  by  the   valve   until   it  started   on    its   return 

t 
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Outside  Lap. — In  order  to  cut  off  the  steam 
the  piston  completes  it-,  stroke,  the  edge  of  the 
must  be  made  wider  than  the  steam  port:  and  the 
tancc  that  the  valve  overlaps  the  outer  edge  of  the 
when  the  valve  is  in  its  central  position  is  called  out 
lap. 

In  Pig   [40  the  valve  is  shown  in  its  central  pc 
equally  covering  the  steam  ports,  and  the  space  2 
Core  represents  the  outside  lap  on  the  valve.    '!  1 
side  lap.  much  magnified,  is  shown  bj  G  in  th< 
gram  of  Fig.   140.     The  black  space  in  this  diagram 
resents  the  distance  that  the  edge  of  the  val 
the  edge  of  the  steam  port,  and  hem 
side  lap  of  the  valve. 

The  iii-.i  valve  shown  in  Fig.  i-i    lid  not  dj 
and  in  ordei  to  add  this  lap,  the  fi 
in-  lengthened  so  as  to  ov<  rlap  the  si  >rts 

described.     After  the  steam  is  cu1  oft*  bj  this 
or  lap  6.  the  steam  is  then  confined  and 
cylinder  until  the  insidi    edge  8  of  the  valve  i 
with  the  inside  edge  7  of  the  steam  port,  at   wl 
stanl  the  exhausl  begins,     Se<    lower  dii 

The  object   therefon    of  outside  lap  on   . 
utilize  a>.  much  as  possible  the  expansive  pi 
the  steam. 

Inside  Lap. — In  Fig.  14'  ;nside 

on  ili>    valve,  it  being  the  distance  thai  • 
laps  the  inner  edge  of  the  steam  port    when   the 
is  in   jis  central   position.     Tin    ■  putting 

lap   on   a   valve   is    to  close    the   cxhau  befc 

piston  reaches  the  end  of  the  return  Stroke,  thus 
back  some  of  the  exhaust  steam,  and  thereby  in< 
the  pressure  at  the  end  of  tl  of  the 

rii,    effect  of  tin  nake  111 
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smoothly,  by  bringing  the  reciprocating  parts  t> 
the  piston  striking  this  cushion  of  steam. 

This  also  saves  steam,  for  it  causes  the  wasti 
at  the  end  of  tin-  cylinder,  called  the  clearance,  i 
cd  with  exhaust  steam,  which  will  therefore  not  have 
he  filled  with  live  steam. 

Clearance. — P.y  clearnno    in  ;i  eyliiulei   is  meant 
space  allowed  for  the  piston  to  clear  tin   cylinder  h< 
at  the  end  or  beginning  of  a  stroke,  that  is,  the  spa 
left  between  the  piston  and  the  heads  of  the  cylinder, 
eluding  the  volume  <>f  the  admission 

Lead. — This  is  the  amount  that  the  valve  leads 
crank,  for  it  is  the  space  the  steam  port-  are    'pen 
the  engine  is  on  it*  center.     In  Fig.  139  is  shown 
gine  on  one  of  its  centers,  and  in  the  figure  the  sp. 
is  the  lead  of  the  valve,  it  being  the  amount   the  s 
port  is  open  when  the  piston   is  at  the  beginning  of 
stroke.     Sec  lower  diagram  of  Fig.   139. 

For  instance,  when  the  engine  is  on  one  ..f  li- 
ters, the  valve  is  opened  %  of  an  inch,  we  say  t 
has  %  of  an  inch  lead. 

The  object  of  giving  a  valve  lead  is  not 
a  cushion   to  take  tip   lost   motion,  but   it  also 
start  the  stroke  with  full  steam  as  well 

sisting  to  reverse  the   stroke. 

High  speed  engines  are   usually  given   1 
lead  than  the  ordinal")    slow  speed  engin 

Should   the   valve    have   neither   lap  nor   lead, 
when    the    piston    is   at    either   end   of   the   cylinder, 
valve    is    in    mid    position    so    that    the    <n 
team  full  stroke,  that  is.  the  admission   port 
n  during  the  entire  travel  ..f  the  piston  ft 
of  the  cylinder  to  the  ..titer  end.    Steam  is  ihi 
mittcd   and   exhausted  during  the  whole  stroke 
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piston,  w hull   is   most  wasteful  of  steam,  and 
reason  but  few  engines  are  now  built  which  take  j 
full  stroke. 

Principles. — As    the  above     principles  apply 
valves  of  whatever  t\ .  ription,  tl 

be  thoroughly  understood  before  proceeding  furtbc 

We  therefore  see  that  the  power  which  operate 
steam  engine  is  the  expansion  of  the  steam.     In  th 
way  the  gas  engine  is  operated  by  the  expansion 
mixture  of  gas  ami  air  burned  in  the  cylinder;  and 
or  hot  aii   engine,  by  the  expansion  of  the  oi!  or 
air  in  the  cylinder 

Now,  this  mechanical  work  i>  obtained  in 
abdve  forms  of  em  rgy  by  the  expenditure  of  heat 

.^.As  steam  expands  1660  times   its  volume  umler 
mospheric  pressure,  that  is,  one  cubic  inch  of  \ 
make  one  cubic  foot  of  steam;  the  enormous 
the  steam  engine,  which  utilizes  this  priceless 
of  steam,  can  be  seen.    While  all  steam  engm 
atcd  by  this  expansive  force  of  steam k  the  full 
engine-;   cannot    utilize    as    much    of   thi 
as  the  automatic  cut  off  engfne,  which  CI 
a  part  of  its  cylindei    du  ich  stroke  wi1 

and  allows  expansion  to  do  the  rest. 

In  the  automatic,  or  variable  cut  off  en 
is  taken  at  boiler  pressure  in'  ler, 

entire  stroke,  which  would  necessitate  it*  bcin, 
ed  into  the  air  at   the  end  of  the  stroke  with 
sion,  but  only  for  a  portion  of  the  stroke,  09 
half  or  less,  except   in  some  fixed  cut  off  engi 
take  steam   from  one-half  to  three  i|ii.n  teis  of  the 

Angle  of  Advance. — In   Fie;   1  i-  ■••.  n  th 

tion   of    the  crank    and    eccentric    when    the   va 
neither  lap  nor  lead.       The  upper  diagram 
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Valve  in  its  central  position,  covering  both  tM 
and  the  piStOO  at  the  end  of  the  stroke.     The  en 
therefore  on  center,   the  crank  anrl   the  connect! 
being  in  line. 

The  eccentric  i.  which  operates  the 
vertical  position,  and  at  a  right  angle,  or  90  de 
the  position  of  the  crank. 

Now  when  the  piston  moves  to  the  position  as 
in  the  lower  diagram  of  Fig.  142,  the  eccentric  has  mi 
the  valve  until  it  has  uncovered  the  left  Mea 
the  eccentric  3  has  taken  a  horizontal  position 
crank  4  is  now  in  a  vertical  position,  hut  the  two  are 
at  a  right  angle  to  each  other,  and  they  remain  at 
angle  of  90  degrees  during  the  entire  revolution  of 
crank. 

We   therefore  sec   that    when   the   valve   has  net 
lap  nor  lead,  the  eccentric  ami  the  crank  arc  always 
angle  of  90  degrees  to  each  other,      When  the  v. 
eccentric  are  direct   connected,   the  eccentric   leads 
crank,  hut  when  a  reversing  rocker  arm  is  used,  as 
verses  the  motion,  then  the  eccentric  follows  the  a 

In  Fig  143  the  piston  is  shown  at  the  l>eginni 
its  stroke,  the  engine  being  on  center,  but 
has  both  lap  and  lead,  it  is  no  longer  in  a  central  poe 
covering  equally  both  steam  ports  as  before.     VYh 
crank  is  still  in  a  horizontal  position,  as  shown  in 
142,  the  eccentric  has  moved  from  its  vertical  p> 
the  right,  so  that  it  no  longer  is  at  a  right  angle  t 
crank,  but  now  forms  an  obtuse  angle.     The  disl 
that  the  eccentric  has  been  moved  forward  or  adva 
is  equal  to  the  lap  and  lead  that  have  been   givi 
valve,  and  this  angle  is  therefore  called  the  angle 
vance. 

In  Pig.  1 44- ( 1  >  the  angle   V  B    C    i    the  angle 
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vance,  in  which  B.  C.  shows  the  position  of  the 

trie. 

If  there  were  no  lap  or  lead,  the  eccentric  wouj 
cupy  the  vertical  position  A.  B..  but  in  order  to  : 
edge  of  the  valve  coincide  with  the  edge  of 
it  was  necessary  that  the  eccentric  be  moved 
until  it  occupied  the  position  B.  D.     In  order 
for  lead,  it  was  necessary  that  it  be  moved  still 
forward  until  it  occupied  the  position  B.   C.  at 
point  it  is  fastened  securely  to  the  shaft  of  the 
and   remains   so  fixed   until   some   future  time 
may  be  desired  to  change  the  point  of  cut  of 
lead. 

The  angle  A.  B.  D.  is  called  the  angle  of  advano 
the  eccentric,  and  the  angle  B.  D.  C.  is  called  the 
lead,  so  that  the  angle  of  advance  is  equal  to  the 
these  two  ancles,  viz.,  the  angle  A.  B.  C. 

The  angle  C.  B.  R-.  which  is  the  angle  bet\ 
crank  and  the  eccentric,  is  therefore  equal  to  the 
of  advance,  plus  90  degrees, 

In  Fi^    u-i     (  1 1   the  eccentric  and  crank  are 
by  the  heavy  black  line*,  the  line  B.  C.  rcprcseojg 
radius  of  the  eccentric. 

Effects  of  Lap. — If  the  outside   lap  shown  in 
143  had  been  greater,  as  the  valve  is  moving 
the  left,  the  steam  port  would  have  been  closed 
and  therefore  the  cut  off  -would  have  l>ecn  earl 
the  stroke,  as  the  piston  is  moving  to  the  right. 

If  on  the  contrary   the  outside  lap   had 
then  the  steam  port  would  have  I  earlier 

cut  off  would  have   been  later,  causing  ' 
of  the  steam,  and  a  higher  pressure  at  release. 

If  we  increase  the  inside  '  he  valve,  the 

haust  ports  as  can  be  seen  in  Fig.   143.  will  open 
making  compression  to  begin  earlier. 


— -xnf-r 


Angle  of  Advauc*. 
Fig.  144—  (1). 


486 


STATIONARY   K.nt.inkkrinC 


Wc  therefore  sec  that  if  we  keep  the  angle 
vance  the  same,  increasing  the  outside  lap  cau 
earlier  cut  off,  while  decreasing  the  amount  of 
side   lap,  will    make  a   later  cut  off.     The  effect 
earlier  cut   ofi   is    to  get    gn  mansion   Mtf 

i    am,  and  hence  greater  economy. 

Also,  that  increasing  the  inside  lap,  causes 
compression  and  a  later  release,  while  decrca 
side  lap  decreases  the  compression   and    roi 
lease  earlier. 

Increasing  or  decreasing  the  inside  lap  docs  nd 
feet  the  cut  off,  and  hence   the   expansion;   Imt   it 
effects  the  release  and  compression  of  the  steam. 

Shifting  the  eccentric  ahead  or  forward,  makes 
the   events   in   the   stroke  come  earlier,   and    m< 
backwards     retards   all   the     events.        Lcngthcnin 
shortening  the  valve  stem  has  no  effect  on  the 
of  the  valve,  its  only  effect  being  to  make  the  I 
cut  off  greater  on  one  end  than  on  the  other. 

In  Fig.  144 — 1  2  1  is  sln.wn  position  of  eccentric, 
angle  of  advance. 

Wc    therefore    sec   that    the    four   important 
in   the  distribution  of  the  steam   which  occur  in 
revolution  of  the  engine  arc:    (1)  admissi 
(3)  release;  (4)  compression. 

Admission  starts  the  moment  the  Ste 
covered,  and  continues  up  t"  the  point  of  the  cut 
the  steam.     Release   begins   when    the   exhaust 
opened  to  the  exhaust  chamber,  and  continue! 
closed,  when  compression  begins  and  ends  with  t 
ion  of  fresh  steam  on  the  return  stroke.     Ex — 
of  the  steam  therefore  continues  from  the  instan 
off  to  the  release  <>f  the  steam  by  the  opening  of 
haust  port. 
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Wfcen  Valve  Has  Neither  Lap  nor  Lead. 


When  Valve  Has  Lead. 

■Won  of  Crank   and   Eccentric,  Showing  Angle  of  Advance. 

Fig.   144— (2). 
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Direct  and  Indirect  Valve. — A  slide  valve  is  said  to 
be  direct  when  ii  opens  the  left  port  by  moving  to  the 
right,  which  nukes  the  Mtlve  t.ikc  its  In  m  o« 

its  outside  edge,  and  exhaust  past  the  inside  • 

A  valv<  he  indirect  when  "  opens  th 

steam  port  by  moving  to  the  left,  and 
ing  to   the   right.     This    valve    then-fore   taki 
steam  over  its  inside  edges,  ami  exhausts  past   the  out 
side  cdi;<  of  the  ntlve. 

The  plain  slide  valve  which  has  been  descri 
abovi  is  therefore  a  direct  valve,  as  it 

I.  ii  p. .n  liy  moving  to  the  right,  admitting  steam  pas) 
the  outside  edge,  and  exhausting  past  the  inside 

The  piston  valve  is  an  example  of  an  indirect  valve. 

The  Piston  Valve. — The  valve  shown  in  Pig;  144 
a  piston  valve.     It  consists  of  a  hollow  cylinder  moving 
hack  and  forth  in  a  cylindrical  valve  scat.     The  ports  1 
extend  clear  around  this  valve.     I  In   live  steam  is  admit- 
ted into  the  central  chamber  2.  and  the  exham 
escapes  ottt  of  the  two  ends  3,  3.    As  shown  in  tht 
ure,  the  engine  is  on  its  center,  the  piston  P  aboi:: 
Start  to  the  right,  and  the  valve  therefore  is   moving  to 
the   left,   thereby    uncovering  the   left   steam    pi 
thus  allowing   the   steam  to  enter   past   its  inside   1 
making  it  an  indirect  valve. 

To  increase  the  admission  of  live  steam,  steam  pass 
es  into  the  center  of  the  valve  through  the  channel 
and  thence  out  into  the  left  port.     The  exhaust  steam 
escapes  past  the  outside  of  the  valve  through  the  right 
port  3. 

A  piston  valve  is  not  necessarily  an  indirect  valve, 
as  these  valves  arc  often  made  direct  acting,  being  then 
treated  exactly  as  an  ordinary  slide  valve.     Such  .'.irect 
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acting  piston   valves  are   not  made   hollow, 
their  construction  is  the  same  as  the  slide  va 

In  Fig.  145  is  shown  a  section  of  connecting 
rod  and  piston. 

In  Fig.  146  is  shown  a  sectional  view  < 
chest  and  cylinder,  showing  a  piston  valve.  1 
of  the  minor  parts  of  an  ordinary  engine  is  i 
numbers  indicating  same  corresponding  to  th 
in  the  figure. 

1.  Valve  stem  stuffing  box  gland. 

2.  Valve  steam  stuffing  box. 

3.  Steam  port. 

4.  Exhaust  chamber. 

5.  Piston  valve. 

6.  Steam  port. 

7.  Steam  chest  cover. 

8.  Valve  chest  head. 

9.  Steam  chamber. 

10.  Cylinder  head. 

11.  Cylinder. 

12.  Piston  follower. 

13.  Piston  ring. 

14.  Piston. 

15.  Piston  ring. 

16.  Cylinder  casing. 

17.  Piston  rod. 

20.  Eccentric  rod. 

21.  Adjusting  nut. 

22.  Bolt  for  fastening  the  strap  and  brass* 

stem  end  of  eccentric  rod. 

23.  Key. 

24.  Brass  boxes. 

25.  Brass  boxes. 

26.  Eccentric  rod  strap. 
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27.  Set  screw. 

28.  Eccentric.-  strap. 

29.  Lock  nut. 

30.  Lock  nut. 

31.  Lock  nut. 

32.  Eccentric  91 

33.  Oil  cup  for  eccentric 

34.  Eccentric  strap  bolt. 

3S>    ^  '  :"' 

36.  Piston  valve. 

37.  Valve  stem  nut. 
3&     End  view  of  piston  valve. 

39.  \  .  :i  nut 

40.  w  rist  pin. 

41.  Crank  pin 
Travel. —  The  travel  of  tin     alvc  is  thi 

th.it  it  1  ci  11a!  to  twice  the  radius  of  the 

centric,    \  valve  with  lap  niusi  he.  give 
one  without   lap  80  as  to  open   fully  i 
Without  lap   the   travel   is  eipial  to  twice  the 
ings.  as  there  arc  two  ports  to  uncover.     With  '. 

1  is  equal  to  twice  the  port  openings  plus  the  lap. 

Increased  travel   means  increased    tl 
centric,  and  therefore  a  larger  eccentric. 

Lead  does  not  effect  the  travel  of  the  vah 
is  included  in   the  port  opening  lo  which  is  add 
lap  of  the  valve. 

Setting    the    Slide    Valve. —  Place    the 
dead  center  and  give  the  valve  the  nccc> 
lead;  then  turn  the  engine  to  the  other  dead  center,  and 
see  if  the  valve  has  the  same  amount  of  lead ;  it 
is  properly  set.  but  if  the  lead  is  not  the  same  then  tl 
valve  must  he  adjusted  by  m  i;     valve  rod  anil 

nuts,  so  as  to  make  the  lead  of  both  ends  equal. 


L3       III*' 


,'alre.  Connecting  Rod  and  Valve,  »n<l  Econntrie  Oonnec- 
Mod. 

Fig.  147. 
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To  Place  Engine  on  Center. — Place  the  engine 
that  the  piston  has  nearly  completed  its  outward  st: 

and  opposite  i c  point  on  the  erosshead  make  a 

upon  the  guide,  as  shown  at  E  in  Fig.  136. 

Against  the  rim  of  the  wheel  place  a  pointer,  as 
C.  and  make  a  mark  upon  the  win.  I  opposite  this 
when   the  crosshcad  is   in  line  with   the   mark   E 
the  guide.     Now  turn   the  engine  over  until  the 
head   is   again    in   the   same   position   on   its  do 
stroke.     This  will  bring  the  crank  as  much 
center  as  it  was  before  above  it,  and  the  poi 
fly  wheel  will  he  opposite  the  pointer,  and   must 
marked.    Divide  the  distance  between  !■'  and  C  ace 
ly  and  midway  between  them,  mark  the  point  H.     N'i 
bring    II   opposite   the    pointer,   and    the   engine    will 
upon  the  true  center. 

Fly  Wheel. —  There  are  two  instants  in  1 
tion  of  the  crank  when  the  directions  of  the 
line    with   the    connecting   rod,   and    the  of 

crank  pins  at  those  instants  arc  called  dead  points, 
the  piston  is  momentarily  at  a  stop  in  order  to  cha 
its  direction  when  it  reaches  these  points.  In  order 
diminish  the  irregulai  action  caused  1  ■  ■.  the  existen 
these  dead  points  and  also  to  curry  the  engine  over  th 
centers,  a  fly  wheel  is  used,  which  previ 
nations  in  speed  ;is  would  he  caused  by  these  cent 
The  momentum  of  the  lly  wheel  carries  the  shaft  a 
until  the  piston  can  again  be  acted  upon  by  the  sti 
The  heavier  the  tlv  wheel,  therefore  the  Steadier 
be  the  motion,  but  it  is  undersirablc  to  use  larger  whe 
than   arc  absolutely  necessary.  nit   of   th" 

of  the  metal,  the  weight  on   the  bearings  and  the 
ger  from  bursting. 

If   the   engine    must   be   stopped  and   reversed   fr 
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quently,  it  is  better  to  use  two  or  more  cylinders  con- 
nected to  the  same  shaft,  and  in  this  way  the  use  of  a 
fly  wheel  can  in  many  instances  be  avoided.  When  two 
cylinders  are  used,  the  cranks  are  placed  at  such  angles 
that  when  one  is  exerting  its  minimum  force,  the  other  is 
exerting  its  greatest  power.  In  this  way  the  engine  can 
,    be  carried  over  the  dead  centers  without  the  expense 

and  inconvenience  of  having  a  fly  wheel. 
I  The  fly  wheel  of  an  engine  in  addition  to  serving 

f  the  purpose  of  a  balance  wheel,  may  also  be  used  as  a 
i  belt  wheel  and  a  governor  wheel.  As  a  balance  wheel 
it  must  have,  as  we  have  seen,  considerable  weight  to 
carry  the  engine  smoothly  over  the  centers  by  absorbing 
or  giving  out  sudden  excess  and  shortage  of  power. 

As  a  belt  wheel  it  is  used  to  deliver  the  power  of 
the  engine  to  the  line  shaft  through  the  belt,  and  as  a 
governor  wheel  it  serves  to  carry  the  automatic  govern- 
ing mechanism. 

When  it  is  necessary  to  use  an  unusually  heavy  fly 
wheel,  or  one  located  at  a  distance  from  the  engine  frame, 
an  extra  bearing  is  used  to  carry  the  outside  end  of  the 
shaft,  so  as  to  relieve  the  strain  on  the  main  bearing. 

To  reverse  the  motion  of  a  slide  valve  engine  place 
the  engine  on  the  center,  noting  the  amount  of  the  lead 
on  the  valve.  Then  slacken  up  the  set  screw  of  the  ec- 
centric and  turn  it  ahead  on  the  shaft,  that  is,  the  same 
way  it  has  been  running,  until  the  valve  has  moved  to 
the  extreme  of  its  travel,  when  it  will  be  exactly  oppo- 
site its  original  position.  Lastly,  move  it  back  until  it 
has  the  same  lead  as  before  and  tighten  the  set  screw. 

Lining  an  Engine. — First  strip  the  engine.  To  do 
this  take  off  both  cylinder  heads,  then  take  out  the  fol- 
lower-head, piston  rings  and  bull  ring,  and  disconnect  the 
piston  from  the  crosshead  and  crank  pin. 
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Now  take  a  slottcil  stick  and  place 
the  studs  on  the  end  of  th  let  forth 

crank.     1  >raw     i   line  lid  t 

the  n  nil i]  of  the  cylinder,  and  attai  an 

Fastened  al  the  other  end  of  engine  bed 
floor.  Take  a  thin  stick,  not  more  than  ';  of  a 
thick,  ;md  aboni  inch  shorter  than  the  diame 
the  cylinder.  Stick  pint  in  each  end  of  the  st* 
that  the  pins  can  be  easily  forced  in  or  drj 
suit  the  adjustments.  With  this  stick,  center  tin 
at  each  end  of  the  cylinder  from  four  opposite  s»d 
moving  the  stick  around  in  the  counter  bore 
inder.  While  only  two  adjustments  an  necessary  I 
the  string  in   the  center  of  the  cylinder,   it  is  bt 

measure  around  From  four  opposite  sides  in  order 

cure  accuracy. 

This  lini  i  then  the  center  line  of  the  rngin 
Other  parts  <>f  the  engine  has-    to  be  adjusted 

The  shaft  should  be  first  adjusted  by  placing 
at  ripht  angles  with  this  line.  This  is  done  by  tt! 
vertical  line.  It  can  then  he  leveled  by  placing  ; 
on   the  shaft. 

The  guides  arc  adjusted  by  laying  a  straigh] 
across  the  face  of  the  lower  guide,  ami  measuri 
distance   from   the   straight  the   center  1 

both  ends  of  the  Should  there  l>e  any  diff 

it  must  I"-  iidjnstcd  by  adjusting  the 

In   this    way   all    parts  of  the   en 
or  lined,  including  its  frame  or  bed. 

Horse  Power  of  an     Engine. — The  un>. 

power  is  the  foot  pound,  by  which  one 

of  force  exerted  through  i  nc  foot  of  space.     On<j 

power  is  the  raising  ••:'  33,000  foot  pounds  per  niit 

550  foot  pounds  per  second. 
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card  of  the  engine.  This  diagram,  or  card,  which  is  taken 
during  one  or  more  revolutions  of  the  engine  will  show 
the  exact  pressure  acting  on  the  piston  throughout  the 
entire  stroke,  and  from  which  the  mean  effective  press- 
ure can  be  calculated. 

The  device  or  instrument  used  for  making  this  di- 
•gnni,  or  cards,  is  called  an  indicator,  and  it  will  be  de- 
\  scribed  in  a  later  chapter. 

Throttling  and  Automatic  Engines. — The  ordinary 
slide  valve  engine,  as  has  above  been  described,  is  what 
s  known  as  a  throttling  engine,  as  its  regulation  is  con- 
trolled by  means  of  a  throttling  valve.     With  a  throt- 
tling engine  the  point  of  cut  off  is  fixed,  and  the  speed 
is  regulated  by  a  throttling  valve  in  the  steam  pipe,  called 
the  governor  valve,  which  admits  more  steam  as  the  load 
increases  and  less  as  it  decreases.     This  wire-draws  the 
*am  as  it  is  called,  which  is  not  only  wasteful  of  fuel. 
« the  full  pressure  of  the  boiler  cannot  be  utilized,  but 
it  also  prevents  any  perfect  regulation  of  the  speed  of 
Ik  engine. 

Automatic  Engine. — This  engine  has  a  variable  cut 
■>ff.  which  permits  full  boiler  pressure  to  be  utilized,  as 
""steam  is  cut  off  the  moment  a  sufficient  amount  has 
ten  admitted  to  the  cylinder  to  complete  the  stroke, 
ing  the  remainder  of  the  stroke  to  be  completed  by 
expansion. 

Classes. — All  engines  are  divided  into  these  two 
pat  classes,  the  chief  difference  being  in  the  principle 
of  the  regulation  of  the  steam  supply. 

Uses.— The  first  class,  or  the  throttling  engine,  is 
■stly  used  for  small  mills  and  factories,  on  account 
"its  simplicity  and  low  first  cost.  The  second  class,  or 
■  automatic  engine,  while  it  is  much  more  complica- 
W.  is  much  more  economical  in  the  use  of  steam,  and 
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is  therefore  used  in  larg  ,  or  wherever  fuel  is  t> 

pensive. 

To  Increase  Horse  Power  of  an  Engine. — The  liors^ 
power  of  an  engine  can  l>c  increased  in  three  different 
•.  iz.: 

(i)     By    increasing   the   diameter  of    the    governor 
pulley,    which    increases   the   speed  of    the    engine,   ami 
thereby   the    power.     This    refers   to   pulk 
jhaft. 

(2)  By  a  later  cut-off,  which  requires  a  new  valve, 
and  a  change  in  the  eccentric  and  travel  of  the  valve. 

(3)  By  increasing  the  boiler  pressure. 

While    the    power   of    the    engine    is    in  .    the 

amount  of  steam  used,  is  also  increased. 

Right    Hand    Engine. —  This   is   an    engine,    the 
wheel  of  which  is  to  the  right  when  looking  at  the  en 
lacing  the  cylinder. 

Running  Over. — An  engine  is  said  to  "run  over" 
when  the  top  of  the  wheel  runs  away  from  the  cylinder, 
and  to  "run  under"  when  the  top  of  the  wheel  runs  to- 
ward the  cylinder. 

Most  engim  nit  to  "run  over,"  as  the  pressure 

of  the  cross-head  is  then  always  downward  upon  the 
■  le.  Winn  the  engine  "runs  under,"  the  thrust  of  the 
cross  head  is  then  upon  the  top  guide  on  both  the  out- 
ward  and  inward  strokes,  which  is  likely  to  cause  the 
cross-head  to  lift  when  subjected  to  the  thrust,  and  then 
fall  by  its  own  weight  on  the  centers,  making  the  engine 
pound. 
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THE  BROWNELL  SLIDE  VALVE  ENGINE. 

Type. — As   will   I-  >m   Fig.    148,  'gine 

is  of  the  self-contained  side-crank  type,  that  is,  the  outer 
bearing  is  >  asl  solid  as  a  part  of  the  bed.  This  is  a 
feature  of  great  importance,  as  the  engine  can  be  shipped 
in  perfect  alignment  and  set  in  position  ready  for  run- 
ning in  less  time  than  required  for  other  types  of  en- 
I'urthermorc,  this  work  requires  no  expert   mc- 
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chanie,  as  all  tin»-  adjustments  arc  made  at  the  factory 
before  shipment. 

Proportions. — The  crank  shaft  is  made  extra  heavy, 
iln  length  "I  mam  bearing  is  approximately  twice  the 
diameter  of  the  shaft,  and  the  length  of  outer  bearing  is 
approximately  three  times  the  diameter  of  the  shaft,  and 
all  other  parts  are  proportionately  large. 

Material. — Tin-  crank  shaft,  pins  and  piston  rod  arc 
hammered  steel,  the  connecting  rod  is  a  solid  steel  forg- 
ing, the  main  bearings  arc  lined  with  first-class  babbitt 
and  scraped  to  a  true  fit.  The  cross  head  is  of  the  I 
liss  type,  and  has  babbitt  lined  adjusting  shoes  top  and 
bottom. 

SPECIFICATIONS    FOR    AN    ORDINARY    SLIDE 
VALVE  STEAM  ENGINE. 

We  hereby  propose  to  furnish  you  with 

slide-valve  steam  engine  manufactured  by  

in  strict  accordance  with  the  following  detailed  specifi- 
r.ttion.s: 

Size  and  Horse  Power. —  The  engine  shall  be  Ottl 
slide-valve  (self-contained  or  detached)  side-crank  type 

with  overhanging  cylinder    inches  diameter  and 

....  inches  stroke.  Willi  ..  pounds  boiler  pressure  and 
running  a revolutions  per  minute  the  en- 
gine will  develop       ...    I.  II.  P. 

Valve. — Valve  to  be  accurately  tilted  ami  scraped 
to  its  scat,  and  guaranteed  steam  tight,  with  ample  steam 
and  exhaust  ports. 

Piston. — Tlu-    piston    to    hi     of    the    solid    type    with 

spring  packinj 

Crosshead. — Crosshead    to   be   of   tlu-   Corliss 
wiih  bored  guides  and  babbitt  lined  adjustable  shoes  of 
liberal  area,  top  and  bottom. 
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Connecting  Rod — The  connecting  rod  to  be  a  solid 
:el  forging  with  ends  mortised  to  receive  boxes.  The 
■x  at  crosshead  end  to  be  phosphor  bronze,  at  crank 
d  of  cast  iron  lined  with  genuine  babbitt. 

Crank  Shaft.— The   crank   shaft  to  be  of  the   best 

ulity  hammered  steel   inches  diameter,  turned 

lie  and  nicely  finished,  and  free  from  flaws  or  other  im- 
erfections. 


Journals. — The  bearings  to  be  adjustable  and  lined 
rith  the  genuine  babbitt  metal,  accurately  scraped  to 

toe  bearing  surface.     Crank  bearing inches  long, 

inter  bearing inches  long. 

Wheel. — Band  fly  wheel  to  be inches  diam- 

tter  and   inches  face.     Weight  about  

pounds. 

Pins  and  Rods. — The  crank  pin,  crosshead  pin,  valve 
and  pin,  and  piston  rod  to  be  of  hammered  steel, 
oghly  finished  and  properly  proportioned  for  the  required 
rice. 

Cylinder  Jacket. — The  cylinder  to  be  provided  with 

it  sheet  steel  jacket. 

Trimmings. — Engine  to  be  furnished  with  first-class 

tiling  governor,  with  automatic  stop,  throttle  valve 

nipple,  sight   feed  cylinder  lubricator,  full   set  of 

feed  oil  cups,  centrifugal  oiler  for  crank  pin,  cylin- 

drip  valves  and  set  of  wrenches. 


Speed  and  Hand. — Engine  to  be hand  and  to 

—  at revolutions  per  minute. 

Finish.— Engine  to  be  primed,  rubbed  down  and  fin- 
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ished  In  a  hard  varnish  paint,  green  or  maroon,  at 
of  purchaser.    All  neci     ai     parts  to  l>e  polish*  d 

Guarantee. — \\  the  above  engine  to 

lal  in  efficiency  and   durability   to  any  engine  of 
type  and  class  man  u  I      We  uarantee 

parts  free  from  defects  ol  design,  ma 
ship. 

Test. — Bcfon    leaving   Factory  engine   will  i 
oughly  tested  under  steam  and  i  to  prop* 

iralve  and  adjust  all  parts   under  actual  working  coi 
lions. 

Drawings. — The   necessary  drawings    for  prq 
foundation  and  erecting  engine  will  I 
charge. 

THE  BROWNELL  AUTOMATIC  ENGIN1 

Frame. — The  franu 

• lifieation   of   the  well   known  Tan 

principal  change  being  in  tin 

of  erosshead   with  circttlai    guides,     The  main 

.■!■<•  unusually  liberal  in  proportion,  and  an 

neath    with   oil    reservoirs,    from    winch    tli,     I 

ccivc    a    liberal   and    continue 

engine  i-  in  motion. 

Governor. — Referring  to  i  ig    148,  it  will  he 
ttic  governor  consists  essentially  of  the  single 
arm.  swinging  on  a  pivot   pin.     Fastened  to  this  St 
the   eccentric    which    drives    valvi  th      wi   -:ht 

assumes  different    position;    thn    to  changes  in   lo 
center  of  eccentric  1  hi  nearci   to  01  farther 

the  shafl  center,  thereby  regulating  travel  of  valve 
admission    of    steam,    in    proportion    to    work    r< 
l  here  ia  an  entire  absence  in  this  governor  .if  the 
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Complication  of  links,  dash  pots  ami  other  interl 
devices. 

Valve. — The  valve  shown  in  Fig.  140  is  a  thio  rect- 
angular ported  casting,  finished  on  both  Bides  I 
thickness.     This  valve  works  between  the  valve  seat  ana 
a  heavy  pressure  plate,  which  removes  the  pre 
its  hack,  making  it   perfectly  balanced.     The  wc:. 
tin-  valve  causes  it  to  wear  down  slightly,  but  (hi 
1  ;m  cause  no  leak  of  is  the  case  with  the 

valve.  This  construction  necessarily  requires  the  grca-.- 
est  skill  and  accuracy  in  ii s  production,  making  it  modi 
more  expensive  than  other  forms.      It  advantage*, 

however,   fully   justify   it>   in  -i       i' 

also  made  for  relief  in  case  of  a  chargi  tcr  getting 

into  cylinder,  thereby  preventing  an  accident. 

Cylinder. — The  rylindi  r  is  cast  from  a  special  mix- 
ture  making   a   close  grained    iron    which   takes   B 
polish  and  which  has  great  tensile  strength.  The  cylinder 
is  bolted  direct  to  engine  frame,  the  end 
ing  the  front  cylinder  head. 

Piston. —  The  piston    is  a  single  casting, 
thin,  and  is  braced  with  ribs  to  make  it  stri 
for  any  legitimate  strain.     It  is  shrunk  on  rod,  n 
riveted  over,  on   10  and   11x12  engines,   while  on  larger 
ones,  it  is  held  in  place  by  a  nut  on  end  of  rod. 
wearing  surface  is  very  liberal.      The  piston  is  packed  In' 
two  elastic  cast  iron  rings,  one  near  each  end.  while  an- 
other ring  of  babbitt  is  poured  in  chamber  in  center. 

In  Fig.  147  is  shown  views  of  the  valve,  connec 
rod  and  eccentric  connection, 

THE  JUNIOR  VERTICAL  ENGINE. 
Fig.  150. 
Construction. — From   an    inspection  of   the   sectionl 
view  shown  in  Fig.   i.ii.  ii   will  he  seen  that  the  Junior 
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Engine  co  in  pi  m  ral  ol  i  pair  of  vertical  eylindi 

bolted  to  the  top  of  an  enclosed  crank  case.  1 1 1  > 
serving  the  double  purpose  <>t  a  rigid  •  .  for  the 

gine  .■mil  ;i  tecept.uh    fm    the  luhricatil  rial. 

Steam  Chest. —  The  -.nam  chest,  containing 
gie  piston  valve  For  effecting  th<   steam  distribution 
limited  horizontally  across  the  top  of  tin    cylindei 
tion   to  the  valve  being  communicated   through  a 
crank  i'ii mi  the  g»  -••    noi  i  irried  on  one  of  the  fly  whed 
Spring  relief  valves  in  thi   fronl  »id«  of  the  steam  ch 
communicating  with  the  ports  leading  to  tin 
furnish    ample    pr  -    from   suil 

charges  of  water  coming  over  through  the  steam  pipe, 

Bolted  tn  the  ends  of  the  crank  esse  are  th< 

case   heads,    which   set upport    the    main  bean 

shell.-,  and  al  the  same  tiiw  i    eit 

end  of  the  crank  case  i . .  permit   the  mi: 
moval  of  the  shaft. 

Main  Bearings. — The   mam   bei 
iron  cylinders  lined  with  genuine  babbitt  metal. 
are  turned  on  the  outside  concentric  with   the  bo 
fit  accurately  into  the  crank  casi    heads,  where  they 
secured  by !  ws. 

i  he   pn  n    thi    in;  in 

downward,  when  the  babbitt  is  worn  nearly  I 
the  lower  side  the  upper     surfaci 
shells    may   then    be  turned  over,  brifl  he  nn 

f>art    into  service   and    making  the   bearings    for   al 
tents  and  purposes  as  good  as  n< 

Piston. — The  piston,  which  a  rca  the  pu 

of   crosshe.i'l.   is   of   t lie   well-known    trunk   pattern, 
long  in  proportion  to  its  diameter.     \  long  pu 
liable  to  leak-  steam  than  a  short  one,  and  it  does 
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allow  the  cylinder  to  wear  larger  in  the  middle, 
packing  consists  of  three  cast  iron  spring  ring 

I  Ik    piston  wrist  pin.  with  which  the  upper  end 
ihr  connecting  rod  engages,  is  case-hardened  and  grown 
to  a  perfectly  true  cylindrical  surface. 

Valve. — The  action  of  the  valve  will  be  easily  un 
stood  fr<nn  the  sectional  view  «am  cntcr-l 

ing  fills  the  annul  e  surrounding  the  neck  of  the 

When  the  parts  arc  in  the  po  thown,  th' 

valve  is  moving  toward  ihe  l<  tbltshing 

cation  between   the  steam  space  and  tin-  left  ban.; 
dcr  through  the  left  port,  the  left  hand  piston 
ing  "ii  it-  downward  stroke.    The  right  hand 
valve  has  begun  to  uncover  the  rig!: 
exhaust    can    pass    up   and    through    the 
hollow,    to    the  exhaust    pipe.      \s   the    revolution   jir -•■ 
grosses,  the  valve  reaches  the  limit  of  its  tra 
the  left  and  starts  hack,  covering  the  left  ■  n.  »t 

point  determined  through  th  by  the  load, 

lowing  expansion   to  take  plac<    in   Ihe  left    ham 
dcr      Continuing  its   travi  ird   the  right,  thi 

rs  the  right   port,  so  that  3  portion  of  tl 
steam  is  compressed  to  till  up  1! 
little  later,  and  just  before  the  revolution  i<  half  compk-] 
ted,  Ihe  left  hand  end  of  the  valve  uncovers  the  left 
so  that  the  exhaust  may  have  free  exit  when  th.   left  h 

n  begins  it--  upward  stroke. 
erations  now  occurs  in  opposite  cj  lind 
revolution. 

THE  IDEAL  AUTOMATIC  ENGINE. 
Fig.   152. 

Construction. — The  using    cuU 

engine  as   it     appears    with    the     standard     equi 
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Adapted  lo  drive  any  kind  of  machinery  by  belt  trai 
lion  from  one  or  both  pulleys. 

Accessibility. — Among   the      many    featu 
give  distinction  to  the  Ideal   Engim     aci  i 
working  parts  and  the  case  of  making  adjust m 

e  mention. 

Doors  in  Both  Sides  of  Frame. — All  v. 
are  easy  to  reach.     A  removable  door  in  ea< 
the   frame    allows   complete    access    to   the   c 
wrist-pin  and  all  adjacent  parts. 

Hinged  Hood. — The  hinged  hood  over  the 
discs   la  light  to  lift,  supports  itself   when   raised 
gives  complete  access  to  thi    i  ank-pin  and  lx 

Piston-Rod  StufFing-Box. — The    piston-rod 
box  is  enclosed  in  a  chamber  by  itself,  having  hand  o 
ings  at  either  side.     The  gland   maj    he  adjusted  w 
the  engine  is  running,  without    feat   ol   injurj    I 
reciprocating     pari?,      tlir-  ■ui;li      .-airless      handling 
wrenches. 

Oil  Cups. —  Tin-  eccentric  i  iclf-fi 

cup  attached   I"  the  hood,  and  provided   with 

attachment.     No  oil  cups  are  used,  th< 
oiling. 

Mode  of  Operation.— I- ; 
eration  of  the  self-oiling  system     The  frame  >>i  the 
ginc   and    the   hood   over    the   crank- |i  m  an 

tight  enclosure  "r  casing.    Then    is   i  depression  in 
fiame    under    the   crank   to   pn  •  ■■  idc    i  ir  foi 

into  which   the     crank-discs   dip.       Oil  adheres   tfl 
<liscs,  and  in  the  course  of  rcvolut  thcrefl 

by  centrifugal    force.      A    copious  suppl]    i 
ii|'"ii   the  Cross  and  a  large  quantity   is  thrown 

into  receptacles  provided  in  the  hood  above  the 
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and  thence  flows  in  streams  through  suitable  channeb  \ 
to  tin-  main  bearings,  crank-pin  and  eccentric;  iV 
of  which  distributive  points  the-  oil   returns  by  gravit 
to  the  pil  reservoir,  si>  to  be  used  over  and  over  agi 

Valve  Mechanism. — lit..  154  shows  the  valve  mccb- 
i»e      1  In    ', .ilvc  is  dl  '-cral 

in  a  direct  line  with  the  eccentric,  with  the  inter' 
of  only  one  joint,  and  without  the  use  of  slides.  1 
arms,  offset  or  any  of  the  other  complicate  <en« 

ally  employed. 

Adjustable  Ball-Joint. — The  one  joint  in  the  valve-  ' 
driving  mechanism  is  formed  by  the  combination  of  a 
hard   steel    ball   attached    to    the 
within  a  bronze  socket  attached  to  the  valve 
adjustable  by    means  of  a  set-nut,  which   fixes  tl 
tarn  1   between  the  two  halves  of  the  socket. 

Compound    Cylinder  and    Valves. —  1 
valves  of  the  compound  engine.    The  cylinders  of  Ide. 
Compound   Engines  arc  arranged  tan 

un   1  ylindci  being  bolted  to  the  end  of  main  I 
and   the   high-pressure  cylinder  immediately  to  the  in 
of  low  pressure  cylindi  1      Steam  from  the  high-pi 
cylinder  has  a  short,  direct  passage  into  the  lo 
cylinder,    without    suffering     loss   of   heat    '■ 
through  connc  >  ting  pipes  01 

Types  of  Valves  Used. — The  high-pressure  cylinder 
has  a  hollow  piston  valve,  and  for  the  low-pressure  vah 
in  order  to  bring  it  into  line  with  the  high-pressure  val 
and    reduce  clearance   spaces   to  a    minimum,    has  bee» 
adopted  a  flat  balanced  valve,  traveling     under  1  .  ■•■ 
and  so  arranged  that   steam  is  admitted  through 
porta  simultaneously,  thus  giving  a  quick  and  wide  open- 
ing at  the  beginning  of  the  stroke. 


Tlie  Idwi  Inertia  Governor 

fig.    Ii5. 
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Details  of  Valves,  etc. — The  cover  of  this  valve 
held  in  place  bj    springs,  and  will  lift  and  prevent 
ccssivc  pressure  in   the  cylinder     from  water  or    o 
causes.     Both  valves   are  perfectly  balanced,   and 
full  boiler  pressure  can   be   moved   by  hand   with 
Staffing  boxes  between  th<   two  cylinders  arc  dispen 
with  entirely,  being  replaced  l>  ig  sleeve  of 

fractional  metal,     This  sleeve  is  light,  and  free  to 
just  itself  central  with  the  rod.     Grooves  are  turned 
the  inner  surface  so  as  to  form  a  water  packing. 

Durability  of  Metallic  Sleeve. — As  the  sleeve  is 
to  adjust  itself  to  the  rod,  the  only  wear  that  can  col. 

upon  it   is  ilnc  In  its  own  weigh!     which   is  SO  little 

with  the  perfeel  alignment  between  cylinder  and  ru 

insured  by  this  form  of  construction,  the  wear  is  im 
ccptiblc.  Experience  has  proven  that,  with  ili<-  len 
of  bushings  employed,  there  i--  no  leakage  of  steam, 
time  occupied  by  the  piston  in  making  a  stroke  b 
so  short  and  thi  travi  I  of  the  rod  being  opposite  to 
direction  in  which  steam  tends  to  BOW. 

Ideal  Quick  Closing  Throttle-Valve. — This  specs 
shown  in  Fig.  156  has  manj  attractive  1 
as  several   positive  advantages  over  the  usual   form 
screw  throttle-valve. 

1 1  is  Opened  or  closed  by  throwing  the  lever  hat 
through  a  quarter  turn,  which  enables  the  engine 
shut  steam  off  from  his  engine   instantly   in     ase  o 

rgency.    A  small  hipass  valve  is  for  use  m  warm 
up  the  engine  and  Starting  it  slowly. 

No  Packing  Required.— The  valve-stem  of  both 
main  valve  and  the  hipass  are  self-packing;  that 
arc   equipped   with   self-seating  metallic   cones. 
avoid  the  use  of  wick  packing  or  any  other  form  ,.f 
structible  packing. 


Quick  Cloeing  Throttle  Uaed  on  Meal   Bug 
Fig.   15C. 
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The  valve  ilctcly  accessible  upon  the  re- 

moval of  'in  bonnet. 

Ordinary  Throttles  Source  of  Annoyance. — 
of  great  annoyance  to  the  engineer  is  the  con 

day  throttle-valve   supplied    with 

.  owing  to    the   packing   of    the    valve    si 
inuM  he  done  frequently  to  pi 
and  water. 

Inertia  Governor. — In  Fig.   155  is  shown   tl>- 
nor  used  on  this  engine,  which  is  the  ordit  rm  of 

a  Kites  inertia  governor. 

THE  CHUSE  CENTER  CRANK  ENGINE. 
F'fr  '57- 

Construction. — This  engine  is  a  automat- 

ic cut-off  engine,  thai  presents  a  go  ibinatior 

strength,  durability  and  economy. 

Frame. — The  frame  is  of  the  box  type  and  h 
guides,  which  i.-  besl  suited  to  withstand  the  vibrati 
and  strains  upon  it,  as  it  forms  a  column, 
ing  parts  moving  duwn  its  centc!   axis.      !i    is  absolud 
<iil  tight  and  dusl  p  lazily  accessible  to 

all  inner  parts  bj   means  of  a  crank  COW  f  and  two  large 

.sid<-  doors.    <  )ne  oi  hi--  a  slot  on  tin   ' 

accommodate  an  indicator  motion. 

Governor. —  The    "Kites"    inertia    g-  ised 

on  ibis  engine. 

Lubrication. — The     engine     is     strictly     selfoi 
Every   bearing  on    the   engine    (with    tw 
automatically  oiled  with  the  "j|  contained  in  the  hottotf 
of  the   crank  case.      By   this   means,  the  jou  anW 

pin,  cross-head   pin,   guides,  eccentric  strap- 
stem  slides,  receive  a  copious  and  continual  flood  oi 
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which  .liter  being  used,  drains  back  into  the  crank 
sin  and  :      pain. 

This  arrangement  reduces  the  a  minus 

and  makes   the  engine     exceedingly   free     rnnni 
saves  the  attention  necessary  to  be  given  ■••  a  •lozed 
more  oil  cups.     Grease  cups  are  >n  the  govci 

spindle  and  valve  stem  slide  ball  joint, 

\  separate  chamber  in  the  frame  with  two  stu 
boxes  prevent  the  leakage  from  the  piston  r. .il  stufl 
box,   From   mingling  with  the   lubricating  oil  conta 
in  the  engine  frame,   which  preserves  the  life  and 
ciency  of  the  oil. 

Cylinder. — The  cylindei   is  madi      i  cl  #e  gra, 

cd  iron,  of  special  mixture,  and  the  wal 
enough  to  safely  stand  reborin  I 

bolted  directly  to   the   frame  with  ground   steam  tig 
joint.      The   cylinder    head    18  also   fitted    with    a 
joint  and  is  encased  in  a  highly  polished  cover,  that 
duces  condensation  and  keeps  the  nuts  from  collecting 
and  dust 

Very  short  direct  p  i  .  which  reduci 

friction  to  the  passage  n,  and  also  reduces 

clearance  to  the  lowest  amount  that  can 
single  valve,  variable  CUl  off  engine.     The  high  . 
of  this  engine  is  largi  I     due  to  tl 
ports  and  el. 

Piston. — Is  a  deep  hollow  ca  l.bfl 

light  as  is  consistent    with  propi  i 
with  two  snap  packing  rings.     Tin    p  I  is  tons 

from  hammered  nickel  steel  bare,  and  is  highl>  i 
It  is  fastened  to  the  piston  with  a  lock  nut 

The  Connecting  Rod. — 1-  solid  steel,  and  is  adjl 
in  such  a  manner  bj   wedge  .  •-.  that  the  lei 

the  rod   d -    not   change  appreciably   with    wear.    T 
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aller  sizes  are  fitted  with  removable  hard  brass  bear- 
;s.  and  the  larger  sizes  are  fitted  with  cast  steel  shells, 
ed  with  the  best  genuine  babbitt. 

Cross-Head. — Is  a  heavy  steel  casting  of  compact 
sign,  and  is  fitted  with  cast  iron  shoes.  The  lubrica- 
o  of  the  cross-head  and  guides  is  so  perfect,  and  the 
tiring  surface  so  ample,  that  the  wear  is  scarcely  per- 
tptible. 

Valve  and  Balance  Plate. — The  valve  is  of  the  flat 
■uhi-ported  pattern,  and  is  balanced  by  a  heavy  balanc- 
«g  plate,  held  in  position  by  springs  and  the  pressure  of 
tit  steam.  This  valve  will  lift  from  its  seat  to  relieve 
*y  entrained  water,  thus  rendering  the  use  of  safety 
ftlief  valves  or  diaphragms  unnecessary. 

The  under  side  of  the  balancing  plate  is  an  exact  du- 
pHcate  of  the  valve  seat,  and  is  so  adjusted  that  it  balan- 
tts  the  valve  perfectly  in  all  positions  of  its  travel. 

As  both  faces  of  this  valve  arc  vertical,  and  as  the 
fake  rides  on  its  lower  edge,  the  seats  are  relieved 
k>m  wear  due  to  the  weight  of  the  valve,  and  as  the 
take  i>  perfectly  balanced  for  steam  pressure,  very  little 
wear  occurs  on  the  valve  seats.  This  construction  causes 
the  valve  to  remain  tight  longer  than  any  other  type. 

All  valves  are  fitted  to  their  scats  under  steam,  and 
ail  the  faces  are  scraped  until  they  arc  perfectly  true  to 
tach  other,  while  under  the  heating  and  warping  action 
of  the  live  steam. 

Valve  Stem  Guides. — Tt  is  very  important  that  there 
Aould  be  a  means  of  transmitting  the  angular  motion  of 
eccentric  rod  to  the  valve  stem  in  such  a  manner  that 
'twill  move  through  the  stuffing  box  without  vibration. 
A  slide  is  the  only  means  of  obtaining  this  exactly,  and 
»very  convenient  and  substantial  slide  and  bracket  is 
*«d  on  this  engine.  ... 
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The  T  head  OH  the  valve  Stem  permits  the 
ing  removed  without  disturbing  the  setting  of  t 
The  lock  nuts  on  the  other  end  of  the  »t«n  pi 

convenient  mean-  of  otttsidc  adjustment;  and  0 

ing  it  securely  to  the  valve  slide. 

The  stub  end  on  the  eccentric  connection  r 
tached  to  the  valve  stem  guide  In  means  of  a  - 
ing  ball  and  socket  joint,  which  adjusts  itself  to 
tion  of  the  eccentric  and  is  lubricated  by  a  gf( 
Oil  from  the  engine  fraiin  :-  fed  continuously 
cup  shown  on  top  of  the  slides,  and   tuna  down 

feed  holes  to  the  grooves  shown  on  the  upper  ed 

slide,  ami  thence  through  the  hearings.  A  brai 
rounding  tin  bottom  of  thest  bearings  .  nnd 
waste  oil  back  into  the  engine  frame 
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GOVERNORS. 


Their  Use. — A  governor  is  used  to  regulate,  or  keep 
constant,  the  steam  power  of  an  engine.  As  the  load  on 
in  engine  constantly  varies,  some  means  must  be  pro- 
»ided  by  which  the  steam  supply  can  be  regulated  in 
proportion  to  the  load  on  the  engine,  so  that  its  power 
and  speed  can  be  kept  constant  with  the  load. 

Methods. — This  is  accomplished  by  the  governor  on 
the  steam,  engine  in  two  ways,  viz.:  (i)  by  regulating 
lie  pressure  of  the  steam  admitted  to  the  steam  chest : 
(2)  by  altering  the  amount  of  the  steam  admitted  to  the 
cylinder,  which  is  done  by  varying  the  point  of  cut  off 
of  the  steam  supply. 

Vlmost  all  governors  depend  for  their  operation 
upon  the  centrifugal  force  that  is  developed  in  a  weight 
wle  to  revolve  around  an  axis  outside  of  its  center  of 
parity.  The  weight  that  is  made  to  revolve,  is  so  sus- 
pended that  the  centrifugal  force  developed  by  its  rota- 
tion is  opposed  by  a  counteracting  force  or  resistance, 
thich  force  is  usually  a  weight  or  springs,  and  whether 
He  fine  or  the  other  is  used,  determines  the  type  of  the 
pvernor. 

Operation. — When  the  speed  of  these  revolving 
wights  increases,  the  centrifugal  force  also  increases, 
W  the  weight  tends  to  move  outwards  and  upwards, 
te  this  force  is  opposed  by  the  resistance  of  gravity 
to  acting  upon  the  weight.  Should  the  speed  of  the 
"Sine  become  excessive,  this  counteracting  force  is  not 
p*fctl  to  hold  the  weight  in  its  former  path  or  plane 
■  eircuit.  and  the  upward  motion  of  the  weight  closes 
[*  regulating  valve,  lessening  the  steam  pressure  ad- 
*W  to  the  steam  chest,  and  in  this  way  decreasing  the 
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m|"   the   engine.      As   the    speed   "f    the   t: 
creases,  the  centrifugal  force  b  co    <     less  than  theoj 
posing  resistance  or  counterBCting  force,  and  '.he 
is  (breed  downwards  and  towards  tin  This  open 

she  regulating  valve  and  admits  m  ire  t 

the  cylinder,  thus  causing  the  speed  of  the  engine  to  hi 
Crease.     This     upward     anil    downward     motion    u 
weight  is  iran-t,  rred  by  suitable  mechanism,  to  the  vah 
that  governs  the  flow  of  the  steam  to  tin   cylinder. 

The  Pendulum  or  Fly-Ball  Governor. —  This  is  tri 
earliest  and  simplest   fnrm  nf  the  Steam   gl  Win 

I  upon  the  application  of  the  scientific  principle 
a  revolving  pendulum. 

fn  t hi-  governor,   the  centrifugal  force  is  usual 
counteracted  1  > >  the  Force  of  gravity,  and  acts  up 
principle  just  described. 

Construction. — A  pair  <<i  iron  balls  arc  ma 

to  n  viilve  about  a  spindle,  which  spindle  is  driven  by  tl 
engine      Should    the  spied   of  the  engine   increase,  t 
centrifugal  force,  as  wi  havi  seen,  also  increases,  and  I 
balls  tend  i"  dv  outward  and  upwards  until  the  contra 
ing  or  counteracting  force  is  no  longer  able  to  hold  the 
in   tin  ir  form*  i    circle  ire  uutwa 

they    ui  on   the    regulating    valve    which    throttles    t 
steam,  should  it  be  a   throttling  engine;  or,  if  at. 
matic  engine,  this  motion  of  the  ba  use 

earlier  cut  off  of  the  steam  in  the  stroke. 

Effect. — The  effect  of  this  in  the  throttling  cngi 
is  to  decrease  the  steam  pressure  admitted  to  tin 
chest,    and    thereby    reduce    the    speed    of    the    engil 
Should   the   engine   he   an   ati  engine,   such   ass 

Corliss  engine,  the  effect  is  to  cause  an  earlier  cut 
which    reduces    the    amount    of 
cylinder,  and  thereby  reducing  the  speed  of  the  engs 


!  acting  uc  the  atm  UxD» 
•  drop  and  revolve  m  a 
twuttlc  valve  wider  and  ■ 

I  later  cm  or 

type  of  engine,  the: 

■11  note  increased  in 

ed. 

Advantage*  and  Disadvantages. — The  disadvantage 

be  <-:earr.  is  'he  loss  in  cfioeacy.  as  incl 

Wist  I  keep  op  the  boder  pressure,  which  at 

times  is  v>  ilu  -  obstructed,  that  its  fall  force  can 

Utilized,  and  is  therefore  wasted.    This  disadvant- 

thc  decrease  in   ci  Under  conden- 

Btioa. 

With  the  variable  or  automatic  cutoff  engine,  the 
statn  is  u-  isly  under  almost  full  boiler  pres- 

tare,  the  supply  alone  regulated  to  meet  the  re- 

Therefore,  the  iisad- 

fantajv  I    when   this  form  of  governor   is 

ii  autom  ne. 

In  Fig.  158  a  shown  the  usual  form  of  a  pendulum 
ir.  The  parts  of  this  governor  as 
d  by  the  figures  in  the  cut  are  as  follows,  viz.: 
'.governor  shaft;  2,  standard;  3.  governor  balls;  4  stem 
**tvcl:  5.  arm-:  6,  pivots;  7.  pulley;  8.  gear;  9.  stem;  10, 
"Unlet;  It,  stuffing  box;  12.  glands;  13,  valve  discs;  14. 
^Wescat:  15.  stem  gi  valve  chest  flange. 

In  Fig.  177  modern  form  of  a  simple 

Saturn  governor,  which   form  of  governoi    is   much 

Ion  engines.     Instead  of  a  single  weight,  two 

toll*  are  used.    These  halls  are  suspended  from    1  collar 
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that  i<  fastened  to  the  spindle,  and  i  with  it.    Lin*5 

connect  the  arms  to  which  the  balls  are  attached,  to) 
second  collar  that  turns  freely  on  a  i\(  i  «n  .  not  being  »i- 
tached  to  the  spindle,     The  sleeve 

free  to  slide  up  and  down  on  the  spindle.     When  the  hill' 
fly  outwards,  the  sleeve  is  pulled  upwards  by  the  link*. 
this   motion   being  transmitted  to  the  valve 
connecting   rod.     To  prevent  sudden  fluctuations 
governor,  a  rod  which  is  connected  to  the  ale* 
ales  a  piston  loosely  fitted  in  a  cylinder,  called  >  dash 
pot,  which  i-.  filled  with  oil, 

The  Porter  Governor. — Tins  governoi 
tion  of  a  simple  pendulum  governor,  whose  sensitiveness 
has  been  much  increased  by  adding  to  the  range  of  mo- 
tion  of  the  centrifugal  weights  for  a  given  range  in 
Fig.  159  shows  the  construction  of  this  governor.  TV 
centrifugal  weights  1.1  arc  small,  and  by  running  tlte"A 
at  high  speed  their  centrifugal  force  is  comparatively 
great  In  addition  to  their  own  weight,  the  halls  mn» 
lift  the  large  weight  2,  that  is  made  fi  lide  up  ar»« 

down  "ii  the  spindle  3,  tl  rht  being  lifted  bj  mead 

of  the  links  4.4,  the  weight  2  revolving  with  the  spindle* 
At  it-,  lower  end  is  attached  a  collar  that  gives  motion  >-*' 
the  lever  6.  This  lever  transmits  the  motion  to  uV»* 
gearing  that  operates  the  valve.  7  i*  a  dash  pot  ami  * 
a   small   weight   that  gives  additional  adjustment.    Tl  »  ' 

crnor  is  driven  by  a  belt  from  a  pulley  on  the  engi*"* 
shaft  that  drives  the  spindle    .  ■ 

THE  GARDNER  GOVERNOR. 

In   Fig.   160  is  shown  this  old  and  standard  form  C 
governor,      \s  here  shown,  it  is  a  gravity  governor  ha' 
ii  automatic  safety  stop  and 
In    action,    the    centrifugal    force   of   the    pendnlot 


Sectional  Vl«w  at  n  Throttle  Oo\ 
fig,    168 
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halls  i.-.  opposed  by  the  resistance  of  a  weight 

the  speed  being  varied  by  the  position  of  the  wi 

The  automatic  safety  stop  is  very  simple  in  a 

tion.    It  is  accomplished  by  allowing  a  slight  o« 

"i  the  shaft-hearing  which  is  supported  between  i 
and  held  in  position  by  the  pull  of  the  belt;  a  pr< 
at  the  lower  part  of  the  shaft-hearing  SUppOl 
crinn   of  the  speed  lever. 

If  the  belt  breaks  or  slips  off  the  pulley,  the  i 
of  the  fulcrum  is  forced  hack,  so  as  '"  allow  the  I 

to  drop  and  instantly  close  the  valve. 

In   Fig.    too  is   also  shown  a  sectional  view 
governor,  giving  the  different  parts  of  same. 


Names  of  Parts. 

1. 

\  .live  Chamber. 

12. 

Step  Rearing. 

2. 

Valve. 

13- 

I'nll.   . 

3- 

Valve   Scats    (2). 

14. 

Oil  Cup. 

4- 

Frame. 

'5- 

Pulley  Shaft. 

5- 

(iears.  Mitre  (2) 

16. 

Shaft  Bearing. 

6. 

Lever  Ball  Screw. 

17- 

Stuffing   Box. 

7- 

Arms  (2). 

18. 

Head. 

m  Pins  (2). 

8. 

Toeplate. 

10. 

9- 

Spindle. 

20. 

Valve  Stern. 

io. 

Short  Lever. 

21. 

Balls  (2). 

1 1. 

Fulcrum  and  Stud. 

22. 

Lever  Balls. 

The  Gardner  Spring  Governor. — In  this  t 
governor,  springs  are  used  instead  of  a  weight  for 
ing  the  centrifugal  force  of  the  weights.  Tt 
trifugal  force  of  the  pendulous  halls  operates  agai 
resistance  of  this  coiled  steel  spring,  which  is  e 
within  a  case  and  pivoted  on  the  speed  lever  hy  m 
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a  screw.     The  amount  of  the  compression  of  the  spring 
can  he  changed  so  as  to  give  a  wide  range  of  speed. 

Shaft  Governors. — As  we  have  seen  the  power  of  an 
engine,  and  hence  the  work  it  performs  can  be  regulated 
either  by  varying  the  point  of  cut  off,  or  the  point  of 
compression,  or  by  varying  both  of  these  points  at  the 
same  time.     One  of  the  easiest  methods  of  doing  this  is    i 
to  shift  the  eccentric,  so  as  to  vary  its  throw' and  at  the    \ 
same  time  its  angle  of  advance,  thus  making  the  engine     : 
a  variable  cut  off  automatic  engine.      '  ■ 

In  order  to  make  the  cut  off  automatic,  it  is  operated     1 
by  a  governor  placed  on  the  main  shaft  of  the  engine. 
and  hence  is  called  a  shaft  governor. 

Construction. — This  governor  as  usually  construc- 
ted, consists  of  two  pivoted  masses,  or  weights,  arranged 
symmetrically  on  opposite  sides  of  the  shaft;  their  ten- 
dency to  fly  outwards  when  the  speed  increases  being 
resisted  by  springs.  The  outward  motion  of  the  weight* 
closes  the  steam  admission  valve  earlier,  that  is,  de- 
creases the  steam  supply,  by  making  the  point  of  cut  off 
earlier,  and  the  inward  motion  closes  the  valve  later,  that 
is.  increases  the  steam  supply  by  making  the  point  of 
cut  off  later. 

The  steam  supply  is  therefore  effected  by  altering  .. 
the  position  of  the    eccentric    on    the    shaft,    either  by  \ 
changing  the  throw  of  the  eccentric,  or  of  the  angular 
advance. 

Parts. — The  following  are  the  principal  parts  of  an 
ordinary  shaft  governor  for  a  high  speed  engine,  the 
numbers  corresponding  with  the  parts  shown  in  Fig. 
161: 

i.     Rim  of  governor  wheel. 

2.  Fly  wheel  arm. 

3.  Main  eccentric. 
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4.  Governor  weights. 

5.  Weights  lever. 

6.  Spring  link  bearing  pin 

8.  Equalizing  spring. 

9.  Holes  for  adjusting  spring  link. 

10.  Spring  links. 

11.  Weight  lever  links. 

12.  Stops 

i.l     Secondary  eccentric  crank. 

14.     Main   eccentric  bearing  pin  nut. 

IO,      Hub  of  governor  wheel. 

The  Inertia  Governor. — In  the  pendulu- 
tling  governor,  we  see  that  the  force  that  regul 
steam  pressure  is  the  difference  between  the  cei 
force  of  the  revolving  weights,  and  the  opposii 

which  is  usually  gravity. 

In  the  shaft  governor,  the  force  that  acta 
the  valve  or  eccentric  is.  the  difference  between 
trifugal  force  of  the  revolving  and  the 

of  the  governor  springs. 

In  both   these    forms   of   governors,   the 
ertia  has  to  be  overcome,  as  it  prevents  to  a 
tent  very  close  or  accurate  regulation. 

By   inertia   we   mean   that   property  ot 
virtue  of  which  it  persists  in  its  State  of  rest 
form  motion  in  a  straight  line,  unless  some  fore 
that  state.     It  is  therefore  a  resistance  to  any 
motion,     As  it  takes  some  time  and  energy  to 
in  motion,  and  when  in  motion  to  bring  it  to 
rest,  this  property  of  inertia  therefore  acts  as 
ing  force  in  the  above  forms  of  governors;  anc 
come  this  disturbing  force  and  make  it  an  assii 
obtaining  a  closer  regulation,  the  inertia  ( 
devised. 


in    Governor  for   High  Speed  Horizontal   Steam 
Engine, 

Fig.  101. 
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Construction. — This     fo  iftxnor    ant 

oi  a  wheel  which  is  keyed  to  th  ...it  the  si 

as   an   ordimrj    A)     wheel      I  v.  this   wheel  i 

bar.  the  two  ends  of  which  arc  hollo  v.  ring  is 

t ached  to  our  end  of  the  bar,  and  the  other  end  of 
spring  is  fastened  to  tin  wheel.    One  en 

this  bar  is  weighted,  and  as  the  •  es  the 

trifugal  force  of  the  weighted  end   i  it 

wards,  this  tendency  being  resisted  b] 

Should  the  speed  of  the  engine  become  excel 
the  centrifugal  force  overcome*  the  opposing  ion 
the  spring,  and  throws  out  the  end  bar.  this 

tion  shifting  the  eccentric  pin,  which  pin  serves  the 
pose  of  an  eccentric.  In  this  way  the  throw  i>(  th 
centric  is  shortened,  and  the  angle  of  advance  lucre 
thus  decreasing  the  speed  of  the  engine  by  decre 
the  amount  of  steam  admitted  to  the  cylinder,  a 
cut  off  takes  place  earlier  in  the  stroke. 

The  inertia  of  this  weighted  bat  a  regal 

force,  since  owing  to  its  weight  and  length,  it  offers 
siderahle  resistance  to  inj  sudden  change  --n  the  an 
advance,  b)   allowing  the  wheel  ::ncc  faster 

the  har.  This  shifts  the  eccentric  pin  nearer  the  c 
of  the  shaft,  thereby  causing  the  COl  off  to  take 
earlier,  and  preventing  any  great  increase  in  speet 
fore  the  centrifugal  force  can  act.  On  the  cont 
hot! Id  the  load  on  the  engine  be  suddenly  decrease 
the    same   way    regulation    is   n  J,   for   whih 

speed  of  the  wheel  is  suddenl)  cheeked,  the  inertia  c 
bai   causes   il   l<  ihead  of  the  wheel,  and 

the  eccentric  as  to  make  the  cut  off  take  place  la« 

In  Fig  i»2  the  form  of  inertia  governor  used  01 
Junior  engine  is  shown. 

Construction  of  the  Junior  Inertia  Governor— 


For  Backward  HunulnK. 

The  Junior  Revnuibi,,  inertU  Governor 
Fig    1C2. 


536  i  ■  i 

governor,  ;is  shown  m   Fig.   i1  the  popular  "«fa| 

weight"  or  "inertia"  type,  and  is  capabb  p.g  tl 

ultra  fine  regulation  generally  regarded  as  such  a  vfl 
ahle  feature  in  a  steam  engine.  Aside  from  it*  exc 
lent    ■-!■'  ••  1    n  qualities,     i    I  imilarly  attr 

live  on  account  of  its  simplicity        Hit  wei| 

is  a  simple  casting  of  the  form  shown  m  the  cngravh 
on  the  preceding  page.  In  this  weight  are  screwed  th 
steel  pins     t.     A  small  pin  carrying  a  broi  r.o 

which  is  hooked  the  end  of  th  101   spring.     2.  1 

spindle  on  which  the  (wings     .i      \  pin  will 

spherical  head,  which  constituti 

The  flj    wheel  serves  as  a  carrier  for  thi 
It  has  a  bronze  bushed  hole  through  the  utile 

one  side  of  the  bore  for  the  shaft,  in  which  th<  spin 
on  the  weight  is  journalcd.  This  is  the  only  Ixar 
requiring   lubrication,  which  is  Buppl  impt 

Mini  gnuM1  iu|>.    in  suitable  i ■  ■■■•  in  th<  arms  of  I 

wheel  are  inserted  two  pins  which  limit  tin  distance  tl 
the  weight  can  swing  on  its  spindle  '  hit  <■'■  these  p 
has  a  hole  in  it  through  which  the  spring  tension  scr 
passes. 

The  standard  of  rotation  for   Juni 

gines  is  such  thai  wh  ing  ihe  n  the  ■■  ,< 

the  wheel  runs  toward  the  observer,  and  unless  specil 

ordered  to  the  contrary,  governors  arc  set  to  run  in  t 
direction.     All   Junioi    engim    govern  ,   l*>wei 

now   so  constructed  that  tliej   can  readih  to  ( 

hi   the  reverse  direction.     Thi  'din| 

Simple,  consist iiii;  in  simply  reversing  tin    v     i 

Combination    Governor. — The    requirements 
modern  engim    are  such  that   the  speed  must  be  ml 
tainerl    practically  constant   through    wide 


ior  i 


The  Brown-  II  <  "inlilimilon  Governor. 
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load,  and  tins  condition  must  I"-  maintained  v 
change  occurs  gradually  01  suddenly       \  purelj 
fugal  governor  will  handle  satisfactorily  gradual  chang* 
in  load,  but  cannot    sui 

changes;  on  the  other  hand  a  purely  inertia  govci 
care  (or  sudden  changes,  but  not  gradual  chang. 
meet  all  conditions  to  which  the  modern  engine  is  »U» 
jectcd.  several  makes  of  governors  have  in  combinatl 
both  the  centrifugal  ami  inertia  elements. 

Such  -i  governor  .is  shown  in   Fig 
the  Brownell  automatic  engii 

Construction. — This  gov 

usual  single  weighted  arm.  swinging  rat  p 

ened   to  this  arm    is  the  eccentric   that   drives 
tt.    As  the  weight  assun 
:•  changes  in  li «d  the  ( entei  1  if  the  ■ 

er  to  «>r  farther  from  tin-  shaft  center,  thereby  re 
lating  the  travel  of  the  valve  and  the  admi- 
steani,  in  proportion   to  the   work  rc<juircd.     The  cnti 
absence    in   this   governor  of  the  usual  compile..: 
links,  dash  pots,  and  other  interlocking  devic- 
with   it-  extreme  and  the  entin 

of  an)  evidence  of  racing    n  surging  t  to 

practical  st<  am  users. 
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VALVE  GEARS. 

Classification. — The  valve  gear,  l>>    which 
Kchutitm  used  to  operate  the  valve,  varies  with  the 
inea     For  a  plain  slide  valve  i  n 
mechanism  as  we  ha  a,  consists  of  the 

Bin-  .  nit  i     rod.    r.x  k<  i    aim,    \  :i)\  «•      ami 

ielf. 

Should  the  engine  he  a  type  of  the  reversible  engine 
variable  cut-off  engine,  the   valve  gear  includes  in 
!■•  the  above,  the  mechanism  by  which  the  mo- 
valve  is  so  governed  as  to  change  the  rota- 
i  of  the  engine,  or  the  amount  of  work  done  in   the 

Fixed  Cut-Off  Gears. — In  this  type  of  gear,  the  mo- 

i  of  the  valve  does  noi  vary  with  the  amounl  of  work 

done  in  the  cylinder.     Such  gear  is  used  on   the 

alve  engine,  which  has  a  fixed  cut  off,  which 

i»n  be  changed   without  changing  the  con- 

Ive  itself     When  such  gear  is  used, 

if  admission,  cut  off,  release  and  compression 

varied. 

loanable  Cut-Off  Gears. — When  the  amount  of  work- 
in  the   cylinder  can   be   regulated  bj    varying  the 
of  the  i  ■  as  lo  change  thi   poinl  of  cut  off 

the  c  ii.  the  gear  then   used   is 

nated    as    a    variable    cut-off    gear.     An    automatic 

!  gear,  in  which  the  motion  of  the  gear  is  controlled 

"  vernor,  is  called  an  automatic  vari- 

iT  gear. 

Reversing  Gears. — When  il   becomes  necessary  that 
itation  oi   the  engine  he  constantly 
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changed,  such  as  in  hoisting  work,  a  reversing  gear  must  -. 
he  used. 

Types  of  Valves. — The  leading  types  of  valves  are; 
slide  valves,  such  as  are  generally  used  in  slide  valve, 
or  variable  cut-off  engines;  rotary  valves,  which  are  gen- 
erally used  on  Corliss  engines;  and  poppet  valves,  used 
only  on  slow  and  medium  speed  engines. 

Of  these  types  of  valves,  the  poppet  valves  are  less 
frequently  used,  their  use  being  mostly  confined  to  ma- 
rine work. 

Expansion  Valves. — With  a  plain  slide  valve  driven 
by  a  fixed  eccentric,  the  range  of  the  cut  off  is  limited. 
With  the  "D"  slide  valve  there  cannot  be  an  earlier  cut 
off  than  one-half  the  stroke  without  interfering  with  the 
exhaust. 

In  order  to  extend  the  range  of  cut  off,  and  at  the 
same  time  not  interfere  with  admission,  release  and  com- 
pression, various  types  of  auxiliary  valves,  known  as  ex- 
pansion valves,  have  been  designed  for  use  in  conjunction 
with  the  plain  slide  valve. 

These  auxiliary  valves  are  driven  by  a  separate  ec- 
centric, they  being  solely  used  to  govern  the  admission 
of  the  steam  without  in  any  way  interfering  with  the  re- 
lease and  compression.  With  such  an  auxiliary  valve 
the  lap  of  the  valve,  or,  the  angle  of  advance  may  be 
changed  as  desired,  without  effecting  the  other  parts  in 
the  steam  distribution. 

Therefore,  this  auxiliary  valve,  or  riding  valve  as  it 
is  generally  called,  is  alone  used  to  vary  the  point  of 
cut  off. 

The  Meyer  cut-off  valve  is  a  well  known  type  of  such 
expansion  valve. 

The  Buckeye  Valve  Gear. — One  of  the  best  known 
applications  of  the  riding  cut-off  valve,  is  the  Buckeye 
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.     In  this  gear  the  main  valve  is  driven  by  the 
e  gear  of  a  slide  valve  engine,  making  its  op- 
actly  similar  to  that  of  an  ordinary  slide  valve 
ect  rocker, 
ut-off  or  auxiliary  valve  works  inside  of  this 

e,  which  is  made  either  a  hollow  cylinder  or 

f.  185  is  shown  a  sectional  view  of  the  cylinder 
of  the  Buckeye  engine,  from  which  can  be  seen 
ion  of  this  riding  cut-off  valve. 

lain  valve  has  two  openings  through  the  top 
:ct  with  similar  openings  in  the  steam  chest 
n  enters  through  these  passages  into  the  in- 
he  main  valve.  This  valve  has  two  openings 
>n  the  under  side  through  which  the  steam  is 
o  the  opposite  ends  of  the  cylinder  when  these 
:  in  line  with  the  main  steam  ports, 
am  is  exhausted  past  the  outside  edges  of  the 
i,  it  is  therefore  an  indirect  valve. 
Amission  of  steam  to  the  cylinder  is  regulated 
off  or  riding  cut-off  valve,  opening  and  closing 
>rts  in  the  main  valve.  This  permits  the  cut 
varied  through  a  much  wider  range  than  pos- 
a  single  slide  valve. 

vantages. — While  the  disadvantage  of  the  lim-1 
of  cut  off  of  the  "D"  slide  valve  is  partly  over- 
he  use  of  these  expansion  valves,  there  are 
jus  objections  to  their  use,  all  of  which  are 
!>y  the  use  of  the  Corliss  valve  gear, 
ler  to  overcome  the  force  required  to  drive 
ry   slide  valve,  due  to  the  great  pressure  of 

on    the   back  of  the   valve,   which   not  only 
effects  the  action  of  the  shaft  governor,  but 

valve  itself  from  the  unavoidable  wear  from 
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the  frietioii.il  resistance  of  the  valve,  many  forma  »i 
called  balanced  valves  have  been  produced. 

Balanced    Valves.— The    most    successful    of    these 
types  of  valves  is  the  piston  valve,  heretofore  described, 
which  is  a  light  and  most  perfectly  balanced  val. 
serious  Objection   to   this    valve,  ami   which  has  greatl 
restricted    its    use,    is   the  constant   wear  of   same.     I 
horizontal  engines  especially,   the   weight   ol   tin 
invariably  wears  the  lower  part  of  the  valve  seat,  awl 
thus  destroys  its  circular  form. 

The  flat  pressure  plate  valve  is  a  type  which  is  abo 
much  used.     A  form  of  this  valve  is  shown  in  Fig.  149. 

F"i-  horizontal  engines,  die  pressure  plate  valve 
possesses  the  advantage  over  the  ptStOfl  valve  in  that 
tin-  wear  Of  Ih*  valve  which  is  on  the  lower  edge, 
not  therefore  effect   the  tightness  of  the  valve 

The  Corliss  Valve  Gear. — This   form  of  valve 
w.iv  Invented  and  first  introduced  by  Geo.  ft  Corliss  i 
iln    yeai   1848,     It  marked  a  new  era  in  engine  building, 
lie  first  conceived  the  governor  controlled  cut  off.  ami 
the  easy  moving  valves,  with  their  liberal  exhaust  port* 
which  take  care  of  both  the  exhaust  and  the 
Hon,     It    was   Mr.  Corliss  who  also  first  design.. 
proper    engine    frame,    and    made   the   engine   self-con- 
tained. 

Construction. — In    the   Corliss  gear  there  i--    1 
aratc  admission  valve  and  a  separate  exhaust  valve  for 
each  end  ol   the  cylinder,  entire!}    independent  of  eac 
other.     The  admission  valves  arc  opera 
01   in...    eccentrics,  but  thej  arc  automatical!)  closed 
dash  pots  or  springs,  when  the  piston  reaches  a 

point   of    its   stroke.     This    point    will 
the  position  of  the   governor,   which   position    will   \ 


exhaust  valves  are  cylindrical  in  shape,  lurii- 
ndrical  scats  which  extend  ;icn>>-.  the  ends  uf 
cr.  The  wrist  plate  which  operates  the  ex- 
es alone,  receiving  its  oscillating  motion  from 
ric  which  is  fastened  to  the  shaft  of  the  en- 

thc  piston  reaches  the  point  where  the  steam 
shut  off,  the  trip  gear  is  held  in  such  a  posi- 
he  governor  that  it  releases  the  admission 
ch  is  snapped  shut  by  the  action  of  the  dash 
■ing.  The  exhaust  valve  is  made  to  open  by 
ndent  action  of  the  wrist  plate  which  is  op- 
its   eccentric. 

dvantage  of  the  Corliss  valve  gear  is  the  long 
he  stroke  through  which  the  cut  off  can  be 
lending  only  on  whether  one  or  more  ecccn- 
sed. 

one  eccentric,  the  cut  off  ranges  from  the  be- 
:  the  stroke  to  one-half,  at  which  point  the 
starts  on  its  return  travel.  With  the  use  of 
tries  this  range  can  be  extended  almost  the 
ke.  as  the  exhaust  valves  are  then  nnerated  en- 
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Sectional  View  of  Cylinder     showing  Corliss  Valves. 
Pig.  164. 
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with  the  exhaust  chamber  and  the  exhaust 
ie  two  upper  valves  are  called  the  steam  valves, 
two  lower  valves  the  exhaust  valves.  Each 
tends  across  the  cylinder,  making  the  length 
live  about  equal  to  the  cylinder  diameter.  As 
n  Fig.  164,  the  steam  valves  open  their  ports 
;ir  faces  move  away  from  the  center  of  the 
towards  the  heads.  The  valves  as  shown  in 
-e  single-ported,  that  is,  they  open  but  one  pas- 
he  flow  of  the  steam  to  and  from  the  cylinder, 
lese  valves  are  often  made  double-ported, 
aniam  for  Operating  Corliss  Valves. — The 
■n  or  gear  employed  to  open  and  close  the 
Ive,  embraces  the  most  important  features  of 
valve  gear.  The  principle  on  which  the  opera- 
1  forms  of  Corliss  gear  is  based  is  practically 
differing  only  in  details  of  construction.  The 
description  will  therefore  make  clear  the  Cor- 
gear  as  generally  employed,  reference  being 
liagrams  shown  in  Fig.  165. 

he  valve  stem  is  placed  a  bell  crank  lever  1. 
d  of  the  horizontal  arm  of  this  lever  is  a  hook 
works  freely  on  a  stud.  On  the  valve  stem 
d  next  to  the  bell  crank  lever  is  a  disc  4,  which 
;d  with  a  projection  5.  This  disc  has  an  up- 
ctending  arm  7  to  which  is  connected  one  end 
i  the  rods  from  the  governor.  At  the  outer 
e  valve  stem  is  placed  the  valve  stem  crank  6, 
ries  at  its  outer  end  the  block  9,  which  is  en- 

the  hook  8,  on  the  end  of  the  bell  crank  lever. 
:  crank  stem  6  is  connected  to  the  rod  10  from 

pot.  The  operation  of  this  mechanism  may 
stood  by  referring  to  the  drawing  representing 
ent  positions  these  parts  occupy  at  the  begin- 
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ning  "f  tin-  stroke  o(  the  piston      I  lie  disc  4.  up 
In   '.Ir-  K"viTii(ir    i.  in  .1  position  to  allow  the  hoc 
move    t"    its  highest    position,  or  that    position 
sponditiK  i"  latest  cut  off,  before  being  tripped 
projection  5. 

The  book  has  engaged  the  block  on  the  valve 

crank    or    arm,      Now,    ;is    the    piston    moves    forwai] 
the  stroke,  the  hell  crank  lever  is  turned  around  on  I 
stem   by  the  rod  from  the  wrist. plate.     The  horiz 
arm  ..f  the  hell  crank   lever  1   carrying  the  hoc*  8, 
gether  with  the  arm  on  the  valve  stem,  begins  to 
and  continues  to  do  so  until  it  arrives  at  the  release 
sitioii.     The  inner  member  of  the  hook  follows  the 
phery  of  the  disc  4.  and  is  held  in  contact   with 
knock-off  cam  by    the   fiat    spring   2.  which  keeps 
hook  engaged  with  the  block  until  reaching  the 
jeetion  on  the  cam.     At  this  point  the  inner  arm  1  I 
hook  comes  in  contact  with  the  projection  on  the  d«C 
which   forces  the  former  further  away  from  the  ecu 
of  the  disc,  thereby  causing   the  hook    to    release 
block  carried  bj   the  arm  on  wilve  stem.    The 
the  valve  stem,  being  now  disengaged  from  thi 
is  rapidly  drawn  downward  bj  the  dash  p  the 

to,  which  causes  the  valve  to  close  the  steam 
effecting  the  cut  off. 
We  therefore  see  that  the  essential  parts  of  the 

liss   valve   gear   ■  of    tin-    following,  vi 

steam  valves;   (2)   the   exhaust   valvt  the  (lotfj 

irm  levers  which  work  loosely  on  the  hubs  of  tin 
oonncts.  and  are  coarse!; .J.  to  tl  ■  >•  r« 

(4)    the   wrist   plate;   (5)  the  connecting  rods,  betwt 
jurist  plate  and  the  double  armed  levers:  (6)  ill 
frbich  are  keyed  to  the  valve  stem,  and  which  a 
-rancctcd  by  rctfs  tc   the  dash   pot;    (7)    the  dash 
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rods ;  (8)  the  dash  pots ;  (9)  the  steam  hooks  which  are 
carried  at  the  outer  ends  of  the  double  armed  levers, 
these  hooks  being  provided  with  hardened  steel  catch 
plates  which  engage  with  the  arms,  making  the  arm  and 
the  hook  work  in  unison  until  the  steam  is  cut  off.  At 
this  point  another  set  of  levers  or  cams  (10),  connected 
by  the  cam  rods  (11)  to  the  governor,  come  into  play 
causing  the  catch-plates  on  the  hooks  to  release  tht 
valve  arms,  the  outer  ends  of  which  are  then  pullet 
downward  by  the  dash  pot  plunger,  causing  the  stcan 
valves  to  rotate  on  their  axis  and  thus  shut  off  th< 
steam. 

While  many  attempts  have  been  made  to  improvi 
the  Corliss  valve  gear,  and  some  have  met  with  a  fail 
degree  of  success  for  particular  purposes,  there  have  beer 
but  few  material  improvements  made  upon  this  form  0 
valve  gear. 

No  other  valve  admits  the  steam  at  so  nearly  ful 
boiler  pressure;  determines  so  accurately  the  precis 
quantity  necessary  for  the  stroke;  cuts  off  the  supph 
so  sharply;  works  the  steam  admitted  so  nearly  to  it« 
full  expansibility,  nor  discharges  is  so  quickly  with  st 
little  clearance  and  back  pressure  as  does  the  Corliss 
valve. 

The  distinctive  features  of  the  Corliss  valve  geai 
has  been  most  clearly  and  accurately  set  forth  by  Pn> 
fessor  Robert  II.  Thurston,  as  follows: 

1.  "The  use  of  four  valves — two  steam  and  two  ex 
haust — so  placed  as  to  reduce  'clearance'  to  a  minimum 

2.  "The  use  of  a  rotating  valve,  capable  of  bein| 
cheaply  and  readily  fitted  up,  of  being  easily  moved,  am 
of  being  conveniently  worked  by  connections  outside  th 
steam  spaces. 

3.  "The  use  of  a  'wrist  plate,'  caused  to  oscillat 
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by  a  single  eccentric,  and  directly  so  connected  with  all 
four  valves  that  each  may  be  given  a  rapid  opening  and 
closing  movement,  and  be  held  open  and  nearly  still,  at 
either  end  of  its  range,  by  swinging  the  line  of  connec- 
tion nearly  into  the  line  between  centers,  thus  permit- 
ting nearly  a  full  opening  of  port  to  be  maintained  dur- 
ing an  appreciable  interval,  and  a  free  and  complete 
steam  supply  and  exhaust. 

4.  "A  beautifully  simple  and  effective  method  of 
detaching  the  steam  valve  from  the  driving  mechanism. 
and  of  insuring  its  rapid  and  certain  closure  at  the 
proper  moment,  to  produce  any  desired  expansion  of 
steam.  (He  is  alluding  to  the  dash  pots  and  their  at- 
tachments.) 

5.  "A  direct  connection  of  the  governor,  so  as  to 
determine  the  ratio  of  expansion,  while  so  adjusting  the 
power  of  the  engine  to  the  work  to  be  done  that  the 
variation  of  speed  with  changing  loads  becomes  a  mini-r 
mum. 

6.  "Making  this  latter  adjustment  in  such  a  way 
as  to  throw  the  least  possible  work  on  the  regulating 
mechanism,  and  thus  to  give  the  governor  the  greatest 
possible  sensitiveness  and  accuracy  of  action. 

7.  "A  form  of  frame  and  general  design  of  engine 
which  gives   maximum  strength  and  stiffness. 

"All  these  features  are  combined  to  form  a  steam 
engine  essentially  different,  in  general  and  in  detail, 
from  all  earlier  engines.  In  operation  the  engine  was 
found  to  exhibit  a  remarkable  economy  of  fuel,  and  a 
singularly  perfect  regulation,  and  to  be  far  more  dur- 
able and  more  economical  in  cost  of  repairs,  on  the 
average  than   was  generally  supposed   possible." 

Adjustment  of  Corliss   Valves. — The  following  in- 
structions   for    making    the    proper    adjustment   of   the 


valves  and  gear  of  the  Corliss  engine  are  i-.iiis-.ii 
luii-nily  general  to  answer  for  an  valve  gear 

ami  regulator. 

Instructions. — Radial  lines  showing   the  opening  of 

working   edges   or  ports   and   valves   will    be   found  on 
tin-  back  bonnet  of  cylinder,  and  back  end  of  valves  a* 

follows:    For  the  steam  ports,  a  mark  on  the  cylhide* 
coinciding  with   that   edge  of   the   port    toward   the  end 

of  the   cylinder,  a    mark  on    the  back    end    of   valve  co- 
inciding with  the  edge  of  valve  toward  end  of  cylinder. 
The  lap  movement  "f  the  steam  valve  is  toward  tlut 
end  of  the  cylinder  in  which  the  valve  is  located.    The 
exhausl    valve  covers  or  works  over  the  opening  : 
the  valve  chambei    into  the  exhaust  chest,  and  the  op 
ing  edge  is  that  side  of  the  opening  toward  the  center 
line  of  the  cylinder,  and    lias    its   coinciding  mark  D 
the  cylinder.     The  mark  on    back   end  of  exhaust    Valve 
shows    its    opening   edge.     The    wri  located 

central  between  the  four  ports  on  the  front   bonnet 
of  the  cylinder,  and  has  marks  on  the  upper  si' 
hub  showing  the  extremes  of  its  travel  and   its  center 
of  motion. 

To  set   the    valves,   place    and    hold    the    wrist    plate 
on  the  center  mark,  or  at  the  center  of  vibration  and 
adjusting   threads    for    shortening    and    lengthening 
valve  connections,  set  the  exhaust  \  the  poiri 

opening,  and  lap  the  steam  valve  from  s  to  >£  of  an 
iiii-li,  according  to  size  of  engine,  the  less  amount 
a  lo-iruh  cylinder,  and  the  larger  amount  for  a  30-inch 
illder,  and  intermediate  sues  in  proportion.  Now 
...mmi!  ilu  vrUt  plate  and  eccentric  rod  and  hi*>k,  and 
with  the  eccentric  loose  upon  the  shaft,  roll  it  over  and 
note  if  hi  wrist  plate  vibrates  t.>  the  marks  ..f  extreme 
travel:  adjust  at   the  screw   and  socket   in   the  eccentric 
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rod  to  make  it  vibrate  to  the  marks.  Now  place  the 
crank  upon  either  dead  center,  and  roll  the  eccentric 
enough  more  than  a  quarter  of  a  revolution  in  advance 
of  the  crank,  observing  at  this  time  in  which  direction 
i  is  desired  to  run  the  engine  shaft,  to  show  an  open- 
ng  of  the  steam  valve  nearest  the  piston  of  from  1/32 
to  <A  of  an  inch  according  to  the  speed  the  engine  is 
Flo  run. 

'  This  port  opening  at  the  dead  center  is  commonly 
called  lead,  and  is  for  the  purpose  of  making  an  elastic 
cushion  for  the  piston  to  rebound  from  or  stop  against. 
High-speed  engines  require  more  lead  than  slow-run- 
■ing  engines,  other  things  being  equal. 

Now  tighten  securely  the  set  screws  in  the  eccen- 
tric, and  turn  the  engine  shaft  over  in  the  direction  de- 
sired to  run  it,  and  note  if  the  other  steam  valve  is  set 
relatively  the  same,  if  not,  adjust  by  shortening  or 
lengthening  its  connection. 

At  a  state  of  rest  the  weight  of  the  regulator  balls 
rests  upon  a  pin  in  the  side  of  the  regulator  column.  To 
adjust  the  cam  rods  have  the  balls  resting  upon  the 
stop-motion  pin :  then  move  and  hold  the  wrist  plate  to 
one  extreme  of  its  throw,  and  adjust  the  cam  rod  for 
U*  steam  valve,  now  wide  open,  so  as  to  bring  the  steel 
cam  on  the  cam  collar  in  contact  with  the  circular  limb 
«  the  cut-off  hook ;  move  the  wrist  plate  to  the  other 
extreme  of  throw,  and  adjust  the  other  cam  rod  in  the 
"me  manner. 

To  test  the  correctness  of  the  cut  off,  block  up  the 
tgtilator  to  about  its  medium  height,  and,  with  the  ec- 
centric connected  to  wrist  plate,  roll  the  engine  shaft 
•try  slowly  in  the  direction  it  is  to  run ;  and  when  the 
fat-off  hook  is  detached  by  the  cam,  stop  and  measure 
*pon  the  guide  the  distance  traveled  by  the  cross  head ; 
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then  continue  the  revolution  of  the  shaft,  and  note  wJi 
Hi'.-  othei  steam  valve  i*  tripped;  if  cut  off  i--  equalht 
t lu-  distance   traveled  on  the  guidei   will  i»-  the 
not,  adjust  the  >ui  <>if  rods  until  the  point*  d(  cul 
mira.Mirc  alike.    The   pin   in   the   aide  "f   the   n 
column,   upon    which   the   weight  of   balls  rests. 
renviveil   when   the  engine   is  i>i  motion  anil  up  to  spei 
which    allows    'lie    8to|>-iiiotiiiii    cam.-    t ■  •    1  ■ 

tive  and  sMp  the  engine  in  case  of  any  breakagi 
governoi    belt,    which    would   allow    the   engine   to 

away  unless  thus  guarded  against 

To  Adjust  the  Valves  of  the  Reynolds  Corliss  En* 
gine. — The  working  edges  of  the  valves  and 
shown  by  radical  lines  on  the  ends  of  valves  and  valv 
chests,  at   the   side   of   the   cylinder  opposite  the  wi 
plate.     Both  Steam  and  exhaust  valves  indicate  lap  wh 
the  linos  on  the  valves  are  nearer  the  center  of  cylittj 

than  the  lines  on  the  cheats. 

Fig.    182   shows   wrist    plate    central    for    adjusti 
valve  Ciimieetiuns.     Three  marks  "ii   back    hub   trf 
plate    1)   and   one   mark    OR    wrist    plate   Stand,   which 
bolted  t"  the  cylinder  show  how  eccentric  connection 
to  be  adjusted  so  that   the  wrist  plate   will   travel  cos" 
rcctly  when  in  motion. 

To  set  valve-;,  place  the  center  mark  on  urist  pi* 

huh  even   with   mark  on  wrist  plate  stand,  and  tl 
just  length  of  valve  connections  so  the  steai 
and   exhaust   valves   H    will  have   lap  according  to 
umns  in  table;  the  lap  being  given  in  parts  of  an  H 
opposite  the  size  of  cylinder. 

Fig.    182    further   shows   position  of  wrist   plate 
when  the  engine  crank  is  on  the  center  and  eccentric 

iVfl  steam  valves  proper  lead. 

Exhaust  valves  will  be  correct  if  they  have  been 


STATIONAHY  RNCINKKKINC.  553 

is  shown  in  this  figure,  and  will  need  no  further  atten- 
in.  Put  crank  on  center  and  then  move  eccentric  so 
bat  steam  valves  will  have  lead  according  to  table ;  the 
ad  being  given  in  parts  of  an  inch  opposite  the  size  of 
-linder. 

TABLE  FOR  SETTING  VALVES. 


liameter 

Lap  of 

Lap  of 

Lead  of 

of 

Steam 

Exhaust 

Steam 

vlinder. 

Valves. 

Valves. 

Valves. 

8 

3/i6 

1/16 

i/32 

10 

3/i6 

1/16 

i/32 

12 

3/i6 

1/16 

i/3» 

14 

Va 

X 

i/32 

16 

Va 

'A 

1/32 

18 

Va 

X 

1/32 

20 

Va 

X 

1/32 

22 

5/i6 

3/16 

3/64 

24 

5/i6 

3/16 

3/64 

26 

5/i6 

3/16 

3/64 

28 

5/i6 

3/16 

3/64 

30 

5/i6 

3/16 

3/64 

32 

X 

Va 

1/16 

34 

X 

Va 

1/16 

36 

X 

Va 

1/16 

Types  of  Corliss  Engines. — There  is  no  better  way 
understand  the  operation  of  the  Corliss  valve  gear 
in  a  study  of  the  different  types  of  the  Corliss  engines ; 
d  several  of  the  leading  types  are  here  given,  so  that 
ery  part  not  only  of  the  valve  gear  may  be  fully  un- 
rstood,  but  also  its  construction  together  with  that  of 
e  engine. 

Types. — Most  of  these  different  types  of  the  Cor- 
>s  gear    may    be    divided     into    two    general    classes. 


....,! 
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to   the  first   class  belong  the  crab  claw  gear,  invented 
by  Geo.  H.  Coi         and  -^t ill  used  by  mai 

:;inr.    builders. 

To    the    second    class    belong    th<    half   moon  valve 
pear,  as  used  on  the  Reynolds-Corliss  engine,  and 
is  followed  i"  more  recenl  designs  of  Corliss  engines, 

Description. — In  the  first  class,  or  the  old  style  crab 
claw  gear,  the   valve    opens   towards  the  center 
steam  cylinder,  which  obstructs  the  passage  of  the  steam 
supply,  as  it  forces  the  steam  to  pass  over  and  around 
the  valve. 

In  the  Second  class,  "r  the  Reynolds-Corliss  valve 
pear,  the  steam  valve  is  made  to  open  away  or  from  the 
center  of  the  cylinder,  thus  leaving  a  clear  and  dired 
passage  for  the  steam  into  the  cylinder. 

The  Corliss  valve  gear  is  called  a  detachable  valve 
gear  because  the  valve  is  opened  positively  at  the 
proper  time  by  the  direct  action  of  the  working  parts  of 
the  engine,  and  continues  to  open  until  closed  by  the  de- 
taching or  tripping  of  the  hook,  which  is  operated  by 
the  action  of  the  cut-off  cam.  This  time,  or  point,  in  the 
stroke  at  which  the  tripping  takes  place  is  determined 
by  the  position  of  the  cut-off  cams,  which  are  open 
and  controlled  by  the  governor.  This  point  of  cut  off 
i-  therefore  determined  by  the  requirements  of  the  ' 
on  the  engine. 

Construction  of   Corliss  Valve    Gear. — The    Coi 
valve  gear  and   connections  are  so  constructed  and  ai 
ranged    that    adjustment    can    be    made    while    the    cnpjne 

is  in  motion,  which  is  not  only  a  great  convenience,  but 

facilitates  the   setting  of   the  valves   hv   t In    aid  of  the 
indicator. 

Dash    Pots. — Vacuum    dash    pots    are  cmplo 
nearly  all   engines,  being   titled  with  improved   rcgulat- 
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which  insure  a  high  and  uniform  vacuum. 
-  the  dash  pot  absolutely  noiseless  in  opera- 

nors. — The  governors  employed  on  Corliss 
e  of  two  types,  viz.:  the  ordinary  fly  ball  or 
governor,  and  the   weighted  or  Porter  type 

•r. 

Motion. — All  Corliss  governors  are  provided 
)  motion,  which  causes  the  engine  to  stop  im- 
upon  the  failure  of  the  governor  itself,  or  the 
r  slipping  qf  the  governor  belt  off  the  pulley, 
ring  Valve  Gear. — For  ordinary  stationary 
nes  are  made  to  rotate  in  one  direction  only, 
5  no  necessity  to  reverse  the  engine.  As  we 
should  it  be  desired  to  reverse  the  direction  of 

the  ordinary  slide  valve  engine,  the  eccentric 
josened  on  the  shaft  and  rolled  over,  so  as 
a  position  exactly  opposite  to  its  former  posi- 
e  shaft. 

1  the  engine  have  a  shaft  governor,  the 
■  springs  must  be  changed  over,  so  as  to  act 
■site  direction  from  what  they  did  in  order  to 
;  direction  of  the  rotation  of  the  engine. 

these  types  of  engines   can   be   reversed   in 
r  indicated,  the  ratio  of  expansion  continues 
hat   is,  the  cut  off  continues  to  occur  at  the 
t  in  the  stroke. 
ne  engines  the  character  of  the  work  requires 

to  be  frequently  and  quickly  reversed,  and 
oint  of  the  cut  off  altered,  such  as  locomo- 
ine  and  hoisting  engines,  where  not  only  the 
e  engine  constantly  varies,  but  also  the  direc- 
lich  the  engine  must  be  run. 
es  designed  for  such  work  must  therefore  be 
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provided  with  certain   mechanism  that  will  enable 

engineer  not  only  t"  reverse  ihe  engine  with  e 
also  alter  the  ratio  of  expansion. 

Where  the  work  i>  beavj  on  the  start  u  a  k 

motive  pulling  a  train,  suilahli-  means  must  be  | 
to  give  a  late  cut  off;  and  &S  the  work  becomes  li| 
From   the   train    being   in    motion,    the   cut    off   must 
made  earlier.  SO   as   to  use  less  steam  and  allow 

for  its  expansion. 

With  only  one  eccentric,  this  cannot   lx 
the  motion  of  the  valve  cannot  be  reversed  so  as  to 
onl)  change  the  admission  and  exhaust  |Hirts.  but 
alter  the  point  of  cut  off,  without   resetting  the  cnti 
valve  gear. 

Now,  instead  of  having  only  one  eccentric,  if 
eccentrics    are   used,   it    will    permit    the    motion   of 
valve   to  be  quickly   reversed,  and    will   also  alii 
point  of  cut  off  to  be  varied,  by  disconnecting  tb< 
from  the  first  eccentric  and  connecting  it  to  the 
eccentric 

For  instance,  should  the  right  hand  port  be 
for  admission  and    the    left    hand    port    to  the   cxl 
then  to  reverse  the  engine  the  travel  of  the  valve 
be  reversed,  so  that  the  left  hand  port  is  open 

mission   and   the    right    hand    porl    tO   tbi     exhaust. 

In  this  way  the  engine  can  be  worked  with 
cither  direction,  and   tin    point   of   cut   <>rl   v.. 
the  requirements  of  the  load  on  the  engine.     There 
two  principal  types  of  reversing  geai  link 

and  radial  gears. 

The  Stephenson  Link  Motion. — <  >nc  of  the 
and  most  common  arrangements    foi    reversing  enj 
and  changing  the  ratio  of  exp  :e  Stepfc 

Link   Motion,  illustrated  in    Fig.    183.     The   two 
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flrics  i  and  2,  whose  centers  are  3  and  4  respectively, 
lire  keyed  to  the  crank  shaft  of  the  engine.  The  two 
I  eccentric  rods  5  and  6  are  connected  to  the  slotted  link 
[11.  This  link  is  suspended  from  the  point  13  by  the 
stem  of  levers.  The  block  14  fits  the  link,  and  slides 
Fa  it  when  the  link  is  raised  or  lowered,  which  is  done 
ftjr  moving  the  lever  7,  which  raises  the  link  by  means 
'  the  bell  crank  lever  8  and  the  rod  9.  The  block  14 
J  travels  back  and  forth  from  10  to  12,  according  to  the 
►position  of  the  lever  7.  The  block  14  is  directly  con- 
?«ectcd  to  the  valve  spindle,  which  drives  the  valve  15. 
\  This  link  motion,  therefore,  consists  of  two  eccen- 
f  tries  and  eccentric  rods,  and  a  slotted  link. 

In  this  form  of  link  motion,  the  two  eccentrics 
■rust  be  placed  on  the  shaft  in  such  a  way  that  if  the 
nlve  is  operated  by  one  of  the  eccentrics,  the  engine 
viU  move  forward,  and  if  by  the  other  eccentric,  it  will 
■ove  backward.  When  the  block  is  at  the  end  of  the 
Bnk  nearest  the  forward  eccentric,  the  engine  will  move 
rd ;  when  the  block  is  at  the  other  end  of  the 
the  engine  will  then  move  backward. 

As  the  block  is  moved  nearer  an  intermediate  posi- 
,  the  travel  of  the  valve  becomes  less,  and  conse- 
quently the  cut  off  becomes  earlier.     When   the  block 
in  a  central  position  of  the  link,  the  travel  of  the  valve 
not  enough  to  uncover  the  ports,  and  therefore  the 
ne  remains  at  rest. 

Where  the  engine  is  direct  connected,  we  have  seen 

the    eccentric    radius   must  be   90   degrees   plus   the 

of  advance   ahead   of  the    crank.     To    make   the 

(me  run  in  the  opposition  direction,  it  is  only  neces- 

to  reverse  the  eccentric  radius  so  that  it  Will  still 

the  crank  by  90  degrees  plus  the  angle  of  advance. 
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Tliis  is  ili,    principle  upon  which  all  reverse 
gear  i-  o  instructed 

The  Gooch  Link. — With   this  gear  the   link  is 
raised  or  lowered.  l>ni    remains  stationary.     The 
of  curvature  of  the  link  is  made  equal  to  the  length 
the  radius   rod.     'Phis   permits   the   block   to   he  movtt 
from  one   extremity   of   the  link   to   the  other,  withoj 
moving  the  valve.     Therefore,  the  lead  must  lie  consta 
for  ;ill   points  of  cut  off. 

Reverse  Valve. — The  use  of  two  eccentrics  can 
dispensed  with   to  reverse   the   motion  «>f   i 

usinjj  what  is  known  as  a  reverse  valve.  Mich  as  used 

reverse  the  motion  of  elevator  engines,  ami  which  * 
he  described  in  a  later  chapter. 

Radial  Gears. — This   is  a  type  of  valve   gears  tha 
perform  nearly  the  same  functions  as  the  link  mot* 

ahovi  linl.      In    these  gears    the    motion    ini|»arted 

to  the  valve  may  he  varied  so  that   the  point  of  cut 
or   the   direction   of  rotation,  or   both,   may   be   read 
changed.     These  valve  gears  are  expensive  and  difficu 
to  keep  in  good  repair,  and  are  therefore  not  genera 

ii-. r. I. 

The  Joy  Valve  Gear. — Tin--   valve  gear   is  a 
valve  near,   and   i-  applied   t"  vertical   reversing  engin 
With   this  gear  no  eccentric   is  used,  but    motion   is   i 
parted  to  the  valve  by  the  motion  of  a  connecting 

Gridiron   Valves. — With  this   form  of   valve,   a  b 
eral  port  opening  can  be  obtaini  d  with  a  short  range 
travel,  thus   reducing  the   wear   of   Hie   valve  and  si 
and  thereby  the  power  required   to  operate  the  valve. 

The   disadvantage   in    the   use  of  this   valve    if 

to  tin-  flow  of  steam  through  the  narrow  pa 
lagi  S   between    the   bars,   thus   causing   the   steam    to 
wire  drawn.     This  objection  can  be  partly  overcome 
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thi   use  o(  a    lafficiently  Urge  number  of  bat  thai 

the  aggregate  area  ol    In    ipenings  can  b«    made  suffi* 
cientlj   large. 

Arrangement  of  these  Valves  and  Valve  Gears. — 
The  general  arrangement  of  the  Gridiron  valve  and  gear 
can  best  be  understood  by  describing  those  of  the  Mc- 
Intosh-Seiiiom   cii!;im-.  as  shown   in    Pig,    1K4. 

ST.  LOUIS  CORLISS  ENGINE. 

In  Fig.  165  v  shown  a  back  view  of  the  girder  frame 
type  of  this  1  ngme, 

Valve  Gear. — The  valvi  gear  shown  in  Fig,  [66  it 
the  standard  hook  releasing  type,  operated  bj  eccentric 
on  engine  shaft;  the  releasing  devices  on  the  steam 
valves  arc  controlled  automatically  by  action  of  the  gov- 
ernor, and  the  regulation  of  the  engine  is  held  within  2 
per  cent  under  all  changes  of  load  within  the  full  CapacitJ 
of  the  engine 

The  valves  are  circular,  and  carefully  fitted  to  the 
chambers;  the  valve  stems  are  made  from  forged  steel. 

All  valve  ro.ls  are  provider!  with  bronze  stub  ends 
having  adjustable  boxes  for  taking  up  wear.  The  valve 
hooks  are  also  of  bronze;  all  pins  are  made  from  forged 
crucible  steel,  ground  and  fitted  to  gauge. 

The   wrist   plate   is   circular,   with   pins    located    1 
the  circumference  giving  rapid  travel  to  the  valves. 

Dash  Pots. — The  da-.li  pot-,  shown  in   l"ig-.   i<Vi  and 
;   ..!>      if    the    vacuum    type,    with    plungers    enclosed. 
nt  and  -hist  proof,  self  contained,  require  no  pipe  con 
n«ctk>ns,   are   positive    m    action    under   all    variations   of 
load  or  steam  pressure. 

An  air  valve  is  provided  for  regulating  the  cushion 
Of  the  plunger  chamber. 

Frame  or  Bed  Plate. —  The   frame  as   illustrated    in 
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Fig.  166  is  the  standard  girder  type,  with  heavy  back- 
bone directly  in  the  line  of  strain,  with  stiffening  ribs  at 
the  end  of  the'  guides  which  effectually  prevents  the 
guides  from  springing  or  opening,  whether  engine  runs 
under  or  over. 

Cylinder. — The  cylinder  shown  in  Fig.  167  is  made 
with  heavy  walls  and  strongly  ribbed,  making  it  safe  to 
carry  high  steam  pressure. 

The  cylinder  is  made  from  a  special  clear,  close 
grained  iron,  very  strong;  with  this  iron,  after  being  a 
short  time  in  use,  with  good  lubrication,  a  glaze  is 
formed  in  cylinder,  making  the  wear  very  slight. 

Condensation  is  almost  entirely  prevented  in  the 
cylinder  by  providing  a  dead  air  space  between  the  ex- 
haust steam  passage  and  the  bore  of  the  cylinder;  the 
cylinder  is  surrounded  with  mineral  wool,  and  covering 
the  entire  cylinder  is  a  cast  iron  jacket  of  neat  design. 

Cross  Head. — The  cross  head  shown  in  Fig.  168  is 
made  with  taper  adjustable  shoes,  each  lined  with  best 
anti-friction  metal. 

Adjustment  is  made  by  means  of  studs  and  nuts  at 
'he  end  of  the  shoes,  and  the  closest  adjustment  is  pos- 
sible; the  shoes  can  be  taken  out  and  re-babbited  with- 
out removing  the  cross  head. 

The  shoes  are  fitted  to  cross  head  tightly  with 
tongue  and  groove. 

The  cross  head  pin  is  located  in  the  center  of  the 
cross  head,  and  is  ground  to  a  taper  fit,  held  in  place  by 
'wo  cap  scn-WS. 

The  cross  head  is  threaded  to  receive  the  crucblc 
*teel  piston  rod,  which  i>  fitted  to  the  cross  head  tightly 
and  held  from  turning  by  jamb  nut. 

Main  Shaft. — The  shafts  are  made  of  faggotted  ham- 
mered iron,  turned  perfectly  true  to  standard  gauges. 
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Piston. — As  the  piston  and  its  connections  have  to 
iceive  all  the  pressure  of  the  steam,  being  enclosed  in 
ic  cylinder,  where  it  can  only  be  examined  at  an  ex- 
:nse  of  time  and  labor,  it  is  absolutely  imperative  that 
shall  not- only  be  extra  strong,  but  safe. 

The  piston  as  seen  from  Fig.  169  is  made  in  three 
irts,  viz. :  the  head,  follower  and  bull  ring.  The  piston 
•d  is  ground  to  gauge  and  the  piston  shrunk  on,  keyed 
id  riveted,  making  it  an  utter  impossibility  to  become 
ose. 

The  bull  ring  is  provided  with  sectional  packing 
ng.  kept  positively  steam  tight  by  means  of  bronze 
epers.  held  in  place  by  non-corroding  coil  springs. 

Main  Pillow  Block. — The  pillow  block  is  of  heavy 
•sign,  has  a  broad  bearing  at  bottom  where  it  rests  on 
undation,  and  is  held  in  place  by  four  foundation  rods. 

The  bottom  box  and  two  quarter  boxes  are  lined  with 
iti-friction  metal,  the  quarter  boxes  are  adjusted  by 
eans  of  steel  wedges,  running  the  full  length  of  the 
nrnals.  and  having  adjusting  bolts  running  up  through 
ie  cap,  held  in  place  by  jamb  nuts. 

Crank. — The  cranks  on  all  engines  above  175  horse 
jwer  are  made  of  cast  steel,  having  a  tensile  strength 
f  60,000  pounds  per  square  inch,  equal  to  the  best 
)rged  iron. 

Connecting  Rod. — The  connecting  rod  as  shown  in 
;ig.  170  is  made  solid,  from  selected  forged  iron.  The 
mds  are  afterwards  drilled  and  slotted  out  to  receive 
ta  boxes. 

Both  boxes  are  made  from  phosphor  bronze,  the 
cross  head  pin  box  is  adjusted  with  improved  wedge 
adjustment,  while  the  crank  pin  box  is  adjusted  by  the 
standard  wedge  block  and  bolt;  crank  pin  box  is  lined 
»'ith  anti-friction  metal. 
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Governor. — The  governor  is  the  standard  automatic 
centrifugal  ball  type,  driven  by  belt  from  engine  shaft 

It  is  slow  speed  with  heavy  balls,  giving  the  closest 
egulation  possible  to  obtain. 

The  balls  are  quick  to  act  whenever  there  is  a 
hange  of  load  on  the  engine,  and  the  regulation  is  even 
nd  prompt,  whether  the  load  is  suddenly  thrown  on  or 
ff,  or  the  steam  pressure  changed. 

The  governor  is  fitted  with  an  automatic  safety 
top  which  shuts  down  the  engine  should  an  accident 
ccur. 

It  is  also  provided  with  an  oil  dash  pot  to  prevent 
basing  of  engine  and  a  weighted  lever  to  change,  speed. 

Wheels. — The  iron  used  in  the  manufacture  of  the 
heels  is  clear  selected  pig,  free  from  impurities  and 
elected  for  its  strength. 

Fly  wheels  for  heavy  duty,  such  as  street  railways, 
oiling  mills  and  all  direct  connected  work  are  made  in 
egments  with  very  heavy  I  beam  arms. 

Pins. — All  crank  and  cross  head  pins  are  all  of  gen- 
tously  large  dimensions,  made  of  selected,  forged  cruci- 
•!e  steel,  ground  perfectly  true,  shrunk  into  crank  and 
"iveted;  this  plan  is  considered  superior  to  hydraulic 
pressing.  They  are  shrunk  in  at  the  time  crank  is 
shrunk  onto  the  shaft. 

THE  MURRAY  CORLISS  ENGINE. 

Fig.  171  shows  the  standard  form  of  a  single  cylin- 
der Murray  Corliss  Engine,  which  is  a  type  of  a  most 
economical  and  efficient  engine. 

Castings. — The  greater  part  of  all  engines  is  com- 
posed of  cast  iron,  and  on  the  strength  or  weakness  of 
such  castings,  their  durability  largely  depends.  This  is 
specially  true  as  to  the  castings  for  the  cylinders  and 
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teds,  and   the   builders  of  this  engine   Inive   Riven 
most  important  feature  especial  attention. 
Engine    Cylinders.— Fig.    172    shows    the    cylinder, 

partially  finished. 

1.  The  exhaust  passage  is  cast  away  from  the 
mder.  leaving  a  wide  dead  air  space  as  the  best  pos- 
e  non-conductor,  to  avoid  the  loss  of  heat  between 
milcr  and  exhaust  chamber  by  reason  of  the  difTcr- 
c  in  temperature  m  Ml  am.      Many  builders  of  the  old 

jthool  practice  jacketing  the  lower  third  of  their  cylin- 
with  a  current  of  cold  wet  exhaust  steam,  which 
prevents   first-class  economy. 

2.  The  steam  valve  of  the  skeleton  type  is  driven 
a  T-head  valve  stem,  and  therefore  perfectly  free  to 

its  own  scat  and  adjustment,  opening  with  the  cur- 
t  of  steam  rather  than  against  it. 

3.  The    exhaust    valves   have   seats   directly    below 
:s.  whereby  the  weight  of  tin-   valve  tends  to 

|rtji  them  absolutely  and  permanently  tight.      The  >pacc 
ihe  valve  each  side  of  the  port,  as  shown,  being  madi 
1  re  vents  the  possibility  of  loss  of  steam  at  each 
:c   by   reason  of  excessive  clearance  due   to  the  use 
leton   exhaust   valves  among  the  older  designs  of 
.es.     The  cut  also  shows  the  heavy  solid  and  sub- 
I   c\  linder  feet   which  support  the  cylinders,  and 
h  have  a  projection  accurately  planed  under  the  dash 
which  the  latter  arc  bolted,  insuring  perfect  align- 
the  working  parts  of  tin-  cylinder.     This  is  a 
method  <>t  attaching  the  dash  pot,  although  some 
in<  in  maki  1  •  puce  their  dash  pots  on  the  <  1 « ., •  1 
ic  side  of  the  cylinder    sttbjccl   lo  all  the  variations 
I  In-  cylinders  have  large  air  spaces 
iimding  Ihem  underneath  tin-  lagging. 

•    1-;,  i an  in    teen  the  complete  cylinder  with 
Kca-.  pots,    disconnecting    device,    throttle 
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valve,  etc.,  also  showing  the  cylindei  feel,  which  art  ex- 
tended  to  receive  the  dash  pots 

In  Fig.  174  is  shown  the  course  of  tin  steam  through 
the  valves,      Vs  seen  From  Pig.  174,  the  exhaust 

are  cast  away  from  the  cylinder,  leaving  a  wide  dead 
space,    which    is  the    best  of  all  non-conducl 
course  of  the  live  steam  is  kept  away  from  the  © 
exhaust  steam. 

Valve   Gearing. — Fig.    175    shews   the    simplicity 
this  releasing  pear.      The  knock-off   lever  is    fitted 
double  cams  for  use  with  an  automatic  safe', 
lion,   which   causes   thi    engine   lo   stop  should  th. 
crnor  belt  break,  or  the  governor  be  stopped  by  accide 
The  catch  plates  are  made  of  hardened  steel,  and  ea 
has  eight  wearing  edges. 

Dash  Pots. — This  style  of  dash  pot  is  faced  on 
bottom,  and  is  bolted  to  a  part  of  the  C)  lindcr  i"<H.t.  wr 
extends  t.i  receive  it.  and  which  is  faced  off  for  it. 
adjusting    valve    is    made   a    pari    of   the   dash, 
plunger  has  no  nuts  or  screws  in  the  bottom  to  can 
clearance  and  consequent  loss  of  vacuum,  -osc 

and  come  off  or  drop  into  the  pot  and 
The    lower    end  of    the  drop    rod  is    connected 
plunger  by  a  ball  and  socket  joint,  with  liettl 

for  taking  up  the  wear:  this  allows  it  to  In-  i 
length    much    more    conveniently    than    otherwise 
without   tin    possibility  of  cramping  the  rod  >>r  plun| 

Piston. — Fig.    170    shmvs   the   solid   piston    wit 
follower  bolts,  which  is  used  with  this  engine.     It  i 
very  simple  piston,  as  it  has  no  follower  holts 
to  come  loose  or  require  adjusting.     The  packing  rings 
are  made  bo  as  '"  provide  foi   taking  tip  the  wear  auto- 
matically, thus  remaining  tight. 

The  pistons)  an    pressed   on   to  the  rods    with 
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draulfc  pressure  and  locked  with  .1  special  n< 
i  hticli  nut  is  also  locked;  then  the  piston  and  i 
turned  up,  finished  and  polished  logcthi  r, 

'I'lu'  rings  used  a  nal  or  v<  centrw 

-.|n-.-.l  and  working  prcssun     ■  engine  make- 

able.     They  arc  fitted  t"  the  pist  hand  am 

tional    packing   rings   arc   used    ill  and 

clips  arc  made  of  bronze  and  tin 
steel 

Governor. — At  tin-  present  day  win  i 
is    worked    at    its    maximum    speed,   ami 
chincry  is  so  frequently  driven  directly  from  I  h< 
nint. ir,  ilo-,e  regulation   i^  a  most   in: 

ne  can  afford   to  -.Mtlnok  it  or  under-ral 

dose  regulation  of  this  engine  lias  !■ 

use  of  a  high  speed  governor,  making  from  two  t 

revolutions  to  one  of  the  engine,  wh 

ili  signs  of  -l"i\  speed  engim  -  tin 

about  "in  ■'•■  oluti< tn  per    ■ 

Consequently   Ihi 

turns  more  quickly  than  any  of  the  oh1' 

ii   is  also  more  powerful  and  has  less  friction 

ancc  to  overcome. 

Fig.  177  shows  the  detail  construction  "i  ihSs 
nor.     It  will  be  1  d  that  the  center  weight 

iron  has  a  cavity  in  the  top  t"  receive 
adjusting  en  to  a  fraction  of  a 

also  that  all  the  vertical  thrust  bearings  are  fitt< 
hardened  steel  balls  which  produce  a  light  runni 
iii"-;t  sensitive  governoi 

Special   Attachment  to  Governor. — In  order 
just   the  speed  while  the  engine  is  running,  a  spc 
tachment  t"  governoi   is  used  on  this  engine 
.1    .hi    adjustable    weight,    as    shown    in    the    CV 
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weight  may  be  moved  in  or  out  do  the  rod  an 
by  .1  screw.    Or.  if  required,  the  arm  and  weight 
i.i  placed  on  Uu  other  side  of  the  belt  crank,  thus  obi 
inp  quite  .1  wide  range  ol  ^] •«.-■.■■  1  adjustment 

Automatic    Engine    Stop. — Fig.    178    illiterates 
engine  Btop  used  on  this  engine  thai  automatically  si 
the  engine  by  shutting  "IT  tlif  supply  of  steam  11  1 
the  engine  speed  either  exceed!    n  falli 
desired,  also  if  the  governor  belt  breaks  or  the  Rovei 

ceases  to  revolve  from   an 

just  1. 11  top  of  1  lie  throttle  valve  and  tin-  valve  an 
gearing  are  the  same  as  the  steam  inlet  vah 
cylinder  rx<-e|ii  thai   the  valve  and  port  arc  si 
wider  and  that   its  closure  is  accomplished   by   mean 
a  spring  or  weight  in  place  of  I  dash  p  il       The  km 
off  cam  is  operated  by  ;>  rod  attached  to  ■■•■  bell  cranl 

the  governor. 

This  stop  a   ca]  able  of  very  delicate  adjusln 
the  valve  and   valve   stem  being   made  of  bronze  the 
no  danger  of  its  becomin  -led  and  sticking. 

stop  is  operated  bj  a  separate  governor  v.: 
compound  engine  as  shown  in  the  cut. 

Economy. —  The   tfrcat   economy  .if  the    Col 
gtne  in  its  different  forms  can  be  seen  fa 
ing  table  based  on  actual  test-,  made  ssith  the  Mn 
(  erliss  engines, 
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THE  HAMILTON  CORLISS  ENGINE. 

In  Fig.  179  is  Shown  this  make  of  a  high  spec 
liss  engine. 

THE  HARRISBURG  FOUR-VALVE  ENGI! 

In  Fig.   180  is  Known  this  four-valve  engine, 
is  especially  adapted  for  high  speed  work,  such  a: 

trie  lighting  or  |mwer. 

THE  PORTER-ALLEN  HIGH  SPEED  ENGI 

In   Fig.   1S1   is  shown  this  well  known  engine, 
embodies  the  inventions  of  the  eminent  engineer! 
("has.    T.    Porter   and    Mr.  John    F.    Allen.     It    w; 
first    high  speed  engine  constructed  for  heavy  w 
high  rotatise  -.pud,  having  a  high  degree  of  1. 

Valve  Gear. — The  valve  gear  is  of  a  distinctive 
the  principal  feature  of  which  is  a  link,  actuat 
:i  single  eccentric,  from  which  separate  and  indepc 
movements  are  given  to  the  admission  ami  e> 
valves. 

THE  McINTOSH-SEYMOUR  ENGINI 
Construction. — The    Hat    Gridiroi     valv< 
gine     as    shown    in     Fig.    184,    is    el. 
valves   are   unbalanced,   and  the   port    edgi 
ranged  s<i  as  to  be  wide  open  without  turn: 
The  steam  valves  are  free  to  lift,   which   (jives    addt 
security  against    damage   from     water    in     tin 
The  vali  1  ■  |>arale  from  the  cylindi 

fitted  with  scraped  |oints,  so  as  to  be  steam  light 
out  packing.     Moth  valvci   and  seats  arc  •- 

plati  ■ .  1 1  r i I  have  thi  ir  pori  1  rlgi  1  well  • 
and    wipe-over    grooves,    accura 

-  require   much   l( 
with  Corliss  valves,  where  the  cylind  nsii 

poi  1  areas  are  the  same. 
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In  the  valve  gear,  as  shown  m  Fig.  184.  link 
arc  used  to  transmit  motion  to  the  valves,  are  actuated 

swinging  rockers    in  such  a  way  as    to  distort   tin 
motion  a*  received   from   tli  ntric,  hastening  the 

movement  of  the  valve  when  near  one  end  of 
and  at  the  other  end  causing  a  pause  in 
that  while  a  rapid  opening  and  closing  of  the 
secured,  the  valve  remains  practically 
This  feature  and  the  large  number  of  ports  in  tit < 
reduce  the  strok<  sary  to  give  full  port  opening 

to  from  one-half  inch  up  to  oni    and 
cylinders  of  the   largest    size,   and,   since   the  moi 
(if  the  valve  takes  place  chiefly  when   it   is  0|>cn  at 
lieved  of  the  pressure  of  the  steam,  the   wear,  an 
tin    power  required  to  operate  thi 
a  very  small  amount,  and  lubrication  is  made  eat 

The  valve  gear  is  simply  an  arrangement  ol 
rock  shafts  and  slides   foi    transmitting  the 
the  eccentric:    1  1  i he.  calves,     it-,  construction  throoph' 
out   is  unusual,  as  compared   with  valve  gears  cot 
ing  dash  pots  or  tripping  devices,  in  that  provisions  afc 
made  for  securing  at  all  times  smooth  and  quiet  n"1' 
ning     Every   part  subject  to   wear  is   ina<  -tab'*- 

and  since  the  movement  of  the  parts  is  small  a* 
hearing  surfaces  arc  large,  adjustment    i- 
operation  is  necessary  only  at  inf  intervals,  |lu 

rock    shafts,    pins    and    link-  of   open-heart*1 

steel.     Connecting    links    are   fitted    with    broi 
having  quick   tapei  ke)    adjustment,  and   the  rock-SB*" 
bearings  are   babbitted   and  arc  easily   adjusted.      Thc 
valve  gear  is  arranged  so  as 
both   ends   <-f  the  cylinder  at   all  The  eccentric 

ting  the  cut-off  valves  Med  by  the  [ 

nor     The  main  valves   are  driven  by  a  fixed  eccentric 


A  So"d  Piston 
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controlling  the  admission  of  the  steam  and  tli 

and    closing  of   the    exhaust     One    valuable    feature    of 

this  arrangement   is  its  perfect   flexibility. 

the    four   operations    of    admission,    cut    off,    reli 

compress ii'ii.  and  for  either  end  of  the  cylinder,  can  be 

varied    independently    of  the  others   by   adjustment 

the  gear.    On  multi-cylinder  engines  the  governor  o 

ally  controls  the  eul  off  cm  all  the  cylind 

work  is  divided  equall)   among   them  and  the  drop  in 

temperature  of  steam  kepi  the  same  in  each;  hence  the 

engini  works  as  economically  as  possible  under  van 

loads  without  the  necessity   ol  anj  hand  adjustment 


ih. 


THE  BUCKEYE  ENGINE. 

The    distinguished    features    of    this    engine 
Riding  cut-off  valve  and  the  governor. 

A  sectional  view  of  tlii-  valve  is  shown  in   Fig 
which  represents  a  section   of  a   single  engine   cylinder 
and  valves      Both  the  main  and  cut-off  valves  are  cj 
drical,  the  ci  '  >    working  within  the  main,     B 

valves  arc  perfectly  balanced  and  both  ha  itelj 

uniform  travel,  which  overcomes  all  tendency  to  une 

iring  of  surfaces  and  as  this  travel  extends  beyond  th? 
seat  surfaces  there  is  no  shoulder 

It  contains  the  only   perfectly   balanced  cylindrical 
valve  in  existence  with  which  .1  riding  cut  off  valve  can 
be   used.     All    attempts    to   use   unbalanced    valves    with 
riiliug   cut-offs    for    automatic    cut-off    regulation    l 
failed  from  the  exec     iv<   friction  and  wear  in  .  for. 

as  should  be  understood,  the  admission  of  the  full  boilet 
pressure  to  the  valve  constantly  1-  one  ol  the  concliti 
necessary  to  perfecl  regulation  of  cu  ad  the  r< 

station  of  its  benefits  in  the  wa\  of  steatl  my.     In 

the  common  "throttling"'  engine,  the   yajve  is  protected 
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the  full  boiler  •  by  the  throttling  process  of 

.m    be    used   on 

n  the  rtdii  gulating  agent, 

ind    if   surh  a   pressure   is 

and    which   may  be 

icr  parts  nginc,  its  early 

:iblc. 

Buckeye  Governor. — In   Fig.    iW>  is  shown  the  gov- 

which   is   the  pioneer  shaft 
that   it   '.\;i     the   fir  sful 

i  il. 
Safety.-  tired  directly  on  the 

-  valve  .is  positively  as  the 
ic    rod,    ruck    shaft,   and 
he  engin  letai  In  d 

elf  and  tin    lives  of  those  in  its 
i"  ays    1111- 

bclw  cen   the   engine 
ularlj  bcltini  (1.   Insta 

to  the  engine  and  <Irivcn   machinery,  in v».K  - 
life.    i">i  .in    | he   a<  i  idi  nlal 
the  engine,  are 


Regulation. —  II  [ruction  ,if  the  governoi   per- 

il  and    ccntri- 
h  other   as    will   give   in   each   case  as 
.   as    the    nature  of  the  conditions  which 
t    the    gi  will    pci  mit.      If   the 

If  i  om  nil  i  aide  momen- 
.t    that   of   the    fly   wheel,   and    iv   not   subject 
extreme  changes  of  resistance,  the  condi- 
»re  favorable  to  cl  illation,  and  in  such  cases 

of    speed    can,    if    desirable,    be    confined 
:hin    t   per  cent,  or   less;  but   when   the  load   is  desti- 


' 


>r  v»  viva,  an.l  i-   subject  to  great 
ddra  chs  nay  be  necessary  t^<  adjust  lot  a 

r    sanation.  .■-  the  nature  ot   the  Ii«ad ; 

any  case  much  cl  filiation  an  !*■  hail  than 

siblc  with  the  ordinary-  or  pendulum  gmem«»r.  and 

se  as  the  contl  with  »n>    system 

tabic 
amount 

the 
the  r  limits  Ucynnd  whii 

wry  stabilil  i 

lied    with 
but  ihi 
ing  injurious  t..  its  action,  ac- 
improves  it   in  ;i  marked  degree.     The   resistance 

■    cut-otT   valve    is    intermittent.   rrinjj 

While  it  lasts  its  tcndi  n<  \ 
the    weights   inward,  and   ii   iiiuloiibtedh    does   no, 
»h  the  |«.wci  that  the  di 

erceptiblc.      Bui    slight    u  *   it   is      it   i* 

•tent    to  keep  the    levers    worl  Ittlj    mi    theii 

■■',  Ml   all  the  friction  about  its  joints  is  over- 

e  four  times  each  revolution,  iv,  ii  c  in  cai  h  direction  ; 

n  d,  Mi    ■ 
ittain   it   at   the   first    impuNi    in    tin    required   il 

•  •it   having  to  wait    for  a  siiflicicnl   rhaiigi     >l 
friction.     Tims  it        thai  the  fric- 
I,.,,  ,  thi    i  IT.  i  i  ..I   friction 
and  the  result  is  as  high  a 
p*  of  sensitiveness  to  minute  changes  of  load  and 
pressure  as  if  all  parts  were  absolutely  fncti 


•i  ii.   ii. I-,  rtebu  '■'  i  "'i'  \  ■ 
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SPECIFICATIONS  FOR  CORLISS  ENGINE. 

We  propose  to  furnish  you in 

accordance  with  the  following  specifications: 

Type  of  Engine. — Engine  to  be  of  our 

:;  and  to  run  at revolutions  per  minute  with 

. . .  pounds  steam  pressure hand. 

Cylinder  Dimensions. — Diameter  of  II.  I*,  cylinder 

... .  inches.     Diameter  of  L.  P.  cylinder inches. 

of  stroke inches. 

Material  and  Finish. — Shaft  and  connecting  rods  to 
of  best  quality  hammered  wrought  iron,  free  faun 
flaws  or  other  imperfections,  and  to  he  nicely  finished. 
Pistons  and  eccentric  rods,  crank  and  crosshoad  pins, 
also  wrists  of  valve  gear  to  be  of  best  quality  forged 
>:eel.  Great  care  will  be  exercised  in  making  the  cast- 
ings of  best  quality  as  regards  strength,  wearing  quali- 
ties and  smoothness.  All  castings  subject  to  wear  will 
V  poured  from  special  boats  of  charcoal  iron  mixture. 
All  parts  will  be  made  to  gauge  and  interchangeable. 
Workmanship  and  finish  will  he  first  class  in  every  par- 
ticular. Engine  to  be  primed,  rubbed  down,  painted  ami 
varnished. 

Guarantee. — We  guarantee  the  workmanship  and 
material  in  the  engine  to  be  first  class,  and  we  will  fur- 
nish without  charge  a  duplicate  of  any  part  that  may 
prove  defective  in  material  or  workmanship,  provided  an 
inspection  proves  the  claim,  within  one  year  after  engine 
:<  started.  We  guarantee  the  engine  to  run  -.moothly 
&ih)  in  a  proper  manner,  without  undue  heating  or  vibra- 
tion. 

Conditions  of  Operation  i  v»>  I.   II.   !*■   N'oinoii'' 
..;!:sr  i — The  engine  is  ti>  run  none mdeii-ing  at    IOC' 
iv.tiV.ns   per  minute.     Steam   pn-vMirc    u.;  pound*' 
'.he  atmosphere.     Back  pressure  15  pounds  absolv 
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: 1 11  ii i ii  toad  for  which  engine  i>  intended  equals  400 

I  he  1  lightest  efficiency 

load  >  qoal  JOO  I.  II.  P.     The  average  load  will  equal 

■<*>  l  n.  p. 

Speed  Regulations. — The  speed  regulation  shall  be 
tin   1.5  per  cent  above  or  below   normal. 
Piston  Speed. — The  piston    ipeed  regulation  shall  be 
than   560  feet   per  minute,  nor   more  than  600 

Clearance. — The    clearance    shall    not    exceed    8    per 
real. 

Erection. — We  will  furnish  the  time  of  one  man 

npcrintend  the   erection   and  start  engine,  his 

(raveling  expense   ami   l>ard   to  be   paid  by  you.     We 

mate  traveling  expense-.,   railroad   fare 

ransfei    charges,  sleeping   cars   1  when   traveling  at 

tight),   meals  enroute,  excess   baggage  or  other  trans- 

.:cs   .,n    tools   or   materials.      You   are    also 

to  prepare  the  foundations  in  accordance  with  our  plans, 

do    all    piping,    packing,    belting,    mason    and    carpenter 

: isJi  all  laboring  help  and  requirements  to 

ate  erection.      When   delays   are   caused   to  our  man 

:.|  or  labor  not   furnished  by   us,  you  agree  to 

ne  at  $5.00  per  daj   and  expenses  while  so  dc- 

1    responsibility    being    limited    to  the    engine 

and  the  ac<  urai      1  i  out  plans. 

Price. — We  projK.se  to  furnish  the  foregoing  ma- 
chinery as  specified  for  the  sum  of dollars 

<$ )■ 

Terms  of  Payment. — Payment  to  be  made  as  fol- 
lows:   when  engine  is  ready  for  shipment ;  bal- 
ance  ......   days  after  shipment. 


Inicnt  of  Corlln  Valve  G«*r. 
Fig 


1 


Section  of  Bntisejre  Engine  Cylinder  .mrl   Valve.  Showing  IU 

cm  oir. 

Fig.    185. 


riu    Muckeye  Engine  Governor 
FiB.   1S6. 


CHAPTER  XVIII. 
CONDENSERS. 

• 

eory  of  the  Condenser. — When  a  vessel  is  filled 
earn  at  atmospheric  pressure,  and  the  steam  is 
ed  by  bringing  it  in  contact  with  cold  water,  the 
ill  again  appear  in  a  liquid  state,  but  will  occupy 
1669  part  of  its  original  volume.  The  heat  of 
m  passes  into  the  cold  water,  raising  its  tem- 
in  proportion  to  the  amount  the  temperature  of 
m  was  lowered. 

re  take  a  cylinder  fitted  with  a  piston,  and  con- 
closed  end  to  a  vessel  filled  with  steam,  upon 
ing  the  steam  in  the  vessel,  the  atmospheric 
•  on  the  piston  will  force  it  down,  there  being 
a  pressure  of  about  15  pounds  to  the  square  inch, 
-  the  pressure  of  the  atmosphere  on  the  one  side 
iston :  and  there  will  be  a  partial  vacuum  on  the 
de  of  the  piston.  This  vacuum  is  created  by 
ng  the  volume  of  the  steam  which  formerly  filled 
volume  1669  times  as  small. 

.•  first  steam  engines  constructed  were  conden- 
atmospheric  engines,  the  steam  being  condensed 
:ylinder  itself,  and  the  weight  of  the  atmosphere 
ng  the  power  to  force  the  cylinder  down,  the  live 
leing  used  only  to  force  it  up  against  the  weight 
ltmosphere. 

e  waste  of  steam,  and  the  other  great  disadvant- 
condensing  the  steam   in  the  cylinder,  are  ob- 

the  year  1765  James  Watt  first  condensed  the 
in  a  separate  chamber  from  the  engine  cylinder, 

of  using  a  spray  of  water  injected  into  the  cylin- 
•lf  after  the  piston  had  completed  its  stroke. 
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This  was  the  first  step  in  the  direction  of  increas- 
ing the  efficiency  of  the  engines  then  in  use.  and  from 
which  beginning  baa  beefl  developed  the  multiple  expan- 
sion condensing  engim 

Jet    Condensers. — Where    a    sufficient    quantity   of 
waii  i    is  available  suitable  f<>r  boiler  feeding  pu 
i  in  jet  condenser,  being  the  simplest  and  easiest  metl 
to  operate,  \$  preferable  foi  condensing  purpos 

In  Fig.  187  is  shown  ;i  complete  installation  of  a  jet 
1    ndenscr. 

Directions  for  Installation  of  Jet  Condenser.— Th? 
injection  opening  should  nol  be  more  than  30  feel  abtnt 
the  surface  of  water  supply. 

The    injection   or   suction    pipe   must    be   full   size 
the  opening  given  on  the  condenser.     It  this  pipe  is  long.  I 
say  over  So  feet,  a  larger  pipe   must  he  employi 
increased  distances  its  diameter  should  l>e  furtti 

creased.      The  Condenser  ran  ed   OB   cither 

the  air  pump>  so  that  the  injection  pipe  may  lead  to  the 
condenser,  in  the  most  direct  way,  and  with  aa  few  bemb 

as  possible. 

Provide  thi  injection  pipe  with  a  strainer  to  arrest 
foreign  matter;  also,  provide  it  with  an  injection  wh* 
placed  within  easy  reach  of  the  engineer  to  regulate  lb" 
supply 

In  all  eases,  where  it  is  possible  to  do  so,  an  c.\luu<i 
relief  valve  should  be  placed  in  steam  pipe  from  tb< 
engine  to  eimilni  I     relieve  to  '.'  gpbCR 

Conditions    may   arise    wherein    the   safel 

d  with  the  be  of  1 

no  fault  of  tin   condensing  3  however;  so  th»' 

the  installation  of  the  relief  valve  is  a  wise  preca 

The  plan  of    installation   given    is  one    that    is  ll* 
most  practicable  in  the  greatest  number  of  CS 
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admits  "f  placing  the  condenser  nearer  the  level  of 
plj    of   injection    wain.     Condei  ver, 

placed  on  th<   same  il •  ■  ■  - 1  '.\iiii  the  engine,  the  in 
water  level  and  other  local  conditions  permitting 

Ample  and  convenient  hand-hole  plates  should 
provided]   SO   that   tin  >r  may  inspect  condense. 

and  remove  all  extraneous  matter  thai  ma\    <■■■  i ■■'.•.: 

)li'  rein  by  the  injection  water. 

It    is   absolutely   necessary   that    the    steam   pipe,  m 
ion  water  pipe,  all  valves  and  auxiliary  pipes  -I 
he  absolutely  light,  as  the  efficiencj    of  tin 
depends  on  a  high  vacuum  and  in  order  bo  obtain  th» 

every  joint   must   he   tight 

Instructions  to  Engineer. — A  good  vacuum  can 
In'    made   unless   VOtt    have   all    piping,   valves,   joint 
tight,  or  if  your  engine   takes   in   air  at   the   stuffing! 

oi  valve  stem  or  piston  rod. 

Never   start   your  engine    without   running   the 
pump,  unless  you  can  exhaust  direct  to  the  atim 

Before  starting  the  air  pump,  drain  its  stcan 
der  of  condensation  1>\    n  f  its  drain   valves 

the    exhaust    relief    valve. 

Start  the  air  pump  and  then  open  the  valve  on  «« 
jeetion  or  suction  pipe  just  enough  to  admit  the 
quired  amount  of  water  for  condensing  when  engine: 
running   under    full    load. 

Start  your  engine  and  close  the  exhaust  relief  vat 

I  he  slight  pounding  is  a  good  indical 
that  your   water   piston   is  slightly  ahead  of  the  vat 
as  it  should  be.     Run  at  a  piston  speed  to  just  keep'1 
advance. 

Be  economical  in   the   use  of  injection   water 
but  enough  to  keep  the  desired  vacuum  and  maintain 
temperature  in  your  hot  well  of  from  too  to  120  deg 
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Surface  Condensers. — Win- re  water  is  D  tabic 

liable  for  boiler  feeding  a  surface  condenser  must  then 

used. 

In  this  type  of  condenser  the  steam  is  condensed  in 

condensing  chamber  on  the  surface  of  tubes  through 

old   water   is  made  to  circulate,  arid   the  distilled 

cr  from  the  steam  so  condensed  maj   then  be  again 
to  the  i  Where  anj   considerable  amount  <>f 

dcr  oil  ■  •  provision  must  be  made  wlu-u 

c  condensers  are  used,  lo  remove   (his  "il  before 
water  can  be  fed  to  the  boilers. 
In   Fig.    »88  is  shown   the   usual  form  of  a  surface 
mounted    on    combined    air    and    circulating 

The  surface  condenser  is   the  modern  develop!! 

ii  ailed  from  the  introdui  Hon  •  il 
if  colli  water  into  a  cl<  ssel, 

which  the  air  1 1 :« --  been  exhausted,  in  intimate  con 
with  the  exhaust   steam,  thus  catising  the  tami    to 
1      In    the"   surface  condenser   the    result    ia 
without    commingling    the  exhaust   steam   and 
;  water,      i  that  the  latter  mas   be  alkaline,  salt, 

gnaled  with  impurities,  without  affecting 

quality  of  the  cond<  nsed  steam       tgain,  in  the  "jet" 

ter,  the  air  pump  must   handle  l»'tli  the  circulat 

i  he  condensate,  introducing  an  element  of 

tanger  in  the  possibility   of  flooding  the  engine.     In  the 

ndenser,  the  ait    pump  performs  only  its  nat- 

nl  duties,  namely,   maintaining   a    vacuum   and   caring 

v  the  condensed  hich,  when  suitahh    cleansed 

is  a  pure  hot  feed  water      The  heated  circulating 

•  be  utilized  for  washing  and  dyeing  pur- 

1     a  been  in  contact  with  the  steam  and 

oil. 
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The  Wheeler  Condenser,  as  shown  in  Fig.  188,  is 
made  both  cylindrical  and  rectangular  in  shape.  The 
improved  rectangular  design  is  strongly  recommended, 
owing  to  a  special  arrangement  for  reducing  the  velocity 
of  the  steam,  together  with  a  large  storage  capacity,  an 
extremely  desirable  feature  in  connection  with  large 
units,  such  as  are  encountered  in  electric  light  and  power 
stations,  rolling  mills,  blast  furnaces,  dredges,  etc.,  where 
sudden  and  variable  loads  arc  to  be  provided  for. 

With  either  type  of  condenser  the  quantity  of  water 
to  be  circulated  through  the  condenser  should  be  from 
20  to  40  times  the  steam  to  be  condensed,  depending 
upon  the  temperature  of  the  water  available  for  con- 
densing purposes. 

A  condenser  used  to  condense  the  exhaust  steam 
from  an  engine,  will  reduce  the  back  pressure  against 
which  a  non-condensing  engine  must  work,  so  as  to  in- 
crease the  power  of  the  engine  from  20  to  30  per  cent 
when  run  condensing. 

Cooling  Towers. — Where  it  is  impossible  to  get  a 
sufficient  supply  of  water  at  an  economical  cost,  then  a 
cooling  tower  or  water  table  is  used  for  the  purpose  of 
condensation.  This  is  done  by  locating  same  upon  the 
roof,  and  allowing  the  atmosphere  to  cool  the  conden- 
sation, by  using  a  system  of  mats  or  slats  over  the  sur- 
face of  which  the  water  flows  in  a  film  to  a  reservoir 
which  is  located  at  the  bottom  of  the  cooling  tower. 

In  this  way  the  water  from  the  condenser  is  used 
over  and  over  again.  The  loss  of  water  by  evaporation 
when  this  method  is  used,  is  only  from  5  per  cent  to  10 
per  cent,  which  loss  must  be  supplied  with  fresli  water 
•rotn  some  outside  source. 

In  Fig.  180  is  shown  the  general  arrangements  of 
a  Water  Cooling  Tower. 


WATER 

COOUNG 

TOWER 


General  Arrungemcnts  of  a   Water  Cooling  Tower. 
Fig.  1S9. 
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In  this  arrangement  the  cooling  lower  is  located  on 
the  roof  of  a  building. 

'l'ln-  barge  from  the  condenser,  as  indicated  by 
'In  arrows,  i-.  led  to  the  top  of  the  cooling  tower  where 
it  is  cooled  and  returned  t"  the  condenser  through  the 
condenser  pump,  tin-  connection  being  made  direct  tn 
tin   Ruction  pipe  of  the  pump  as  shown  in  the  diagram. 

The  hot  condensation  from  the  exhaust  Steam  IS 
cooled  b)  making  it  flow  over  a  series  of  mats  01  slats 
in  :i  thin  film  to  a  reserve. it   located  at  the  bottom  of.  i  lit 

cooling  tower,       has  Keen  explained  above. 

A  common  reduction  of  temperature  by  the  use  of 
these  towers  has  been  from — say  130  degrees  to  between 
85  d<  and  90.  degrees,  and   when  it  i.--  remembered 

that  this  is  accomplished  simply  i>v  taking  advantage  of 
tiat-.  actions,  the  magnitude  and  importance  of  this 

invention  is  strongly  accentuated. 

The  field  into  which  this  device  enters  is  almost 
boundless.  A  mining  or  any  steam  plant  located  where 
water  ami  coal  are  hauled  "t  conveyed  in  an  expensive 
manner  is  practical!}  compelled  to  run  non-condensing, 
v-  resort  is  made  to  tin-  cooling  tower,  when  all  the 
iy  of  a  condensing  system  is  gained  at  a  compara- 
tively small  cost.  Power  house  location  is  greatly  sim- 
plified.    Those  which  have  been  placed  in  remote  po 

IS,  necessitating  long  lines  of  wiring,  liable  to  serious 
leaks,  to  -;i',  nothing  of  additional  cost  of  copper  feeders, 
may.  with  the  installation  of  a  cooling  tower  be  located 
Centrally.  The  same  argument  applies  to  artificial  ice 
Uetorics.  Brewers  have  long  known  the  importance  of 
•neh  a  device.  Owing  to  their  first  cost  their  use  is 
limited  to  a  great  extent. 

In  Fig.  ioo  i     shown  the  general  arrangements  of  the 
mard-Wheeler  Water  Cooling  ToWer. 


The  Barnard- Wheeter  fooling  Tower. 
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Construction.— The  tower  casing  is  preferably  con- 
|«rocted  of  steel  plates.  Within  the  tower  arc  hung  a 
imber  of  mats  of  a  special  steel  wire  cloth,  galvanized 
ifter  weaving.  The  pump  discharge  is  led  to  the  top  of 
lie  tower  and  distributed  by  a  suitable  system  of  piping 
to  the  upper  edge  ol  the  mats,  over  the  surface  of  which 
it  spreads  in  a  thin  film,  compelling  a  partial  interrup- 
tion of  the  flow,  and  continuously  bringing  new  portions 
cf  the  water  to  the  surface,  thereby  exposing  them  to 
Hie  evaporative  and  refrigerative  effects  of  the  air  cur- 
"nts.  The  mats  are  practically  a  metallic  sponge,  cap- 
Ale  of  holding  a  large  quantity  of  water  in  suspension, 
which  accumulates  and  drips  off  into  the  supply  tanks. 
To  assist  the  cooling  action,  the  air  in  immediate 
contact  with  the  water  is  set  in  rapid  circulation  by 
^rans  of  the  fan  blower,  which  forces  air  into  the  lower 
pan.  .if  the  tower  and  upwards  between  the  mats.  This 
By  he  driven  by  any  convenient  source  of  power,  such 
'"  in  electric  motor,  or  from  a  line  shaft,  or  by  an  in- 
'■  .'wili-nt  steam  engine. 

With  the  Barnard-Wheeler  system  of  cooling  tow- 
::i  and  condensers  there  is  no  difficulty  in  reducing  the 
wjnTaiure  of  the  condensing  water  from  40  to  50  de- 
!W«.  nr  sufficient  to  maintain  a  vacuum  of  23  to  25 
:  ho.  thus  insuring  fuel  saving  anil  greater  efficiency 
'  the  plant. 

As  there  is  but  a  small  loss  due  to  evaporation — say, 
•'•  exceeding  3  per  cent  of  the  water  passing  through 
'■  tower — steam  plants  are  enabled  to  operate  con- 
using,  independent  of  a  natural  water  supply. 

The  operating  power  requirements  of  this  condensing 
"illation  is  but  2j4  to  4  per  cent  of  the  total  I.  II.  P. 
fit  of  the  main  engines,  according  to  their  size.  With 
fas  tower  this  ratio  is  considerably  reduced. 
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Owing  to  the  light  weight  per  square  foot  of  fo' 
dation  area,  this  cooling  tower  is  admirably  adapted 
roof  installations,  which  i*  an  important  feature  ■  b 
ground  space  is  not  available. 

Causes   of   Imperfect    Vacuum. — One   of   the   .tiojs 
serious  objections  to  the  use  of  condensers  is  the  di 
culty  in  maintaining  a  sufficiently  low  vacuum. 

An  imperfect  vacuum,  that  is.  a  low  vacuum,  i- 
ally  due  to  one  of  three  causes,  being  namely:     i, 
amount  of  condensing  water  may  be  insufficient ;  2. 
air  pump,  which  is  used  to  remove  the  air  which  cntet* 
with  the  steam,  may  be  out  of  order;  3,  there  may 
air  leaks  in  the  chambei    itself  permitting  the  entrance 
of  air  from  the  Outside, 
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COMPOUND  ENGINES. 

Advantages  of  Compounding. — A  compound  engine 
two  cylinders  of  different  size.  Steam  is  admitted 
into  the  smaller  one,  called  the  high  pressure  cylin- 
,  and,  after  a  certain  amount  of  expansion  has  taken 
is  exhausted  into  the  larger  or  low  pressure  cylin- 
where  it  is  further .  expanded  before  being  finally 
austed  into  the  atmosphere  or  condenser. 
The  object  of  compounding  engines,  is  to  obtain 
in  the  use  of  steam  by  reducing  the  cylinder 
ation. 
In  the  single  engine,  a  great  portion  of  the  heat  of 
[the  entering  steam  is  given  up  in  heating  the  wall  of 
[the  cylinder.  This  loss  of  heat  greatly  lowers  the 
{economy  of  the  engine,  and  it  is  to  avoid  this  as  much 
[as  possible  that  engines  are  compounded.  The  con- 
[densation  of  the  steam  by  the  much  cooler  walls  of  the 
'cylinder  is  called  cylinder  condensation,  and  it  is  to 
lessen  this  as  much  as  possible,  that  the  many  different 
types  of  engines  have  been  designed. 

In  the  single  engine,  a  large  part  of  the  heat  which 
has  been  given  up  to  heat  the  cylinder,  is  again  taken 
np  by  the  condensed  steam  during  expansion  and  the 
exhaust  stroke,  but  finally  is  wasted  through  the  ex- 
haust pipe.  In  the  compound  engine,  all  the  heat  which 
is  lost  during  admission,  and  which  is  again  taken  up 
by  the  steam  during  expansion  and  exhaust,  is  not  lost 
by  being  discharged  into  the  atmosphere  or  the  con- 
denser, but  is  discharged  into  the  low  pressure  cylinder 
where   it   is  used   again   in    heating  that  cylinder,   and 
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therefore  decreases  tlic  amount  of  the  entering  sti 
thai  is  so  wasted. 

In  compound  engines,  thi   only  loss  from  cyl 

condensation  i-  ttu-M-fon-  that  which  takes  place  in 
low  pressure  cylinder,  as  the  steam  is  discharge 
the  high  pressure  cylindei  before  its  temperatore 
much  reduced.  We  therefore  se<  from  the  !•  icgo 
explanation,  thai  the  cylindei  condensation  in  the  co 
pound  engine  will  be  considerably  less  than  one-half 
thai    in   thi'   sii  jiue. 

There  is  also  a  mechanical  advantage  in  compound 
ing  the  engine,  as  two  cranks  may  be  used)  set  at 
angles  to  each  other,  so  that  when  one  is  on  a  d 
center,  the  other  is  at  a  position  of  nearly  its  great 

effort.      This     makes     a     dead     center     impossible.    I 
thereby  enables  the  engine  In  run  more  uniform. 

By  thus  compounding  an  engine  at  least  20  per  c 
can   be   saved,   that    is.    the   compound   engine   is   20 
cent  more  economical   than  the  single  engine. 

Construction. —  The  low    pressure  cylinder  must 
mads  larger  than  the  high  pressure  cylinder,  on 
of  the  pressure  of  the  steam  being  less  when  it  rcac 
this   cylinder   than    when    it   entered    tin     fin 
This  cylinder  must   then  11  tain  a  greater  voll 

of  steam,  and  must  have  a  greater  piston  area  agains 
which  the  steam  1  an  act. 

Systems. — There    are    several    different 
Compounding    an   engine  l,   the  tandee 

compound,  in  which  both  cylinders  are  in  line  and  I 
pistont  arranged  up  ame  rod;  -\  a  cross  com 

pound,   which   consists     "i   pi  two  engine-.  - 

by  side  .-""I  conni  ctcd  to  tru  tiafl      In  1 1 

.if  compounding,  both  cylinders  separate 

which  may  be  set  at  right  angli  rid  dead  cea 
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and  to  distribute  the  load  more  evenly  about  the  crank 
shaft,  or,  as  is  rarely  done,  the  cranks  may  be  set  oppo- 
site each  other. 

In  Fig.  191  is  shown  a  sectional  view  of  a  tandem 
compound  and  a  cross  compound  engine  with  proper 
crank  connections. 

The  Receiver. — This  consists  of  an  enclosed  vessel 
of  at  least  the  same  capacity  as  the  high  pressure  cylin- 
der, and  into  which  the  high  pressure  cylinder  exhausts. 
The  steam  passes  from  the  receiver  into  the  low  pres- 
sure cylinder. 

A  receiver  is  necessary  for  those  engines,  the  cranks 
of  which  are  set  at  right  angles.  For  instance,  in  the 
two  cylinder  engine  the  cranks  would  be  placed  90  de- 
grees apart,  and  therefore  one  cylinder  could  not  take 
steam  during  the  time  that  the  other  cylinder  was  ex- 
hausting. Therefore,  an  enclosed  chamber,  or  receiver 
as  it  is  called,  is  necessary  in  which  to  store  the  steam 
until  it  is  wanted. 

Most  compound  engines  are  therefore  supplied  with 
a  receiver,  though  in  a  tandem  compound  engine  it  is 
not  a  necessity,  as  the  cranks  are  not  set  at  right  angles, 
and  therefore  both  pistons  start  at  the  same  time  on 
their  stroke,  and  hence  the  steam  can  pass  directly 
over  from  the  high  pressure  cylinder  into  the  low  pres- 
sure cylinder.  If. a  tandem  compound  cuts  off  early  in 
the  stroke,  a  receiver  will  then  be  necessary. 

In  a  cross  compound  engine  the  cranks  are  almost 
always  set  at  right  angles,  and  therefore  the  leading 
cylinder  has  completed  one-half  its  stroke  before  the 
other  begins,  consequently  there  must  be  a  receiver  to 
take  care  of  the  high  pressure  exhaust. 

In  Fig.  191,  a  receiver  is  shown  in  connection  with 
a  cross  compound  engine. 
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The  Rehcatcr. — This  i>  a  modification  of  a  receiver, 
iteming  coils,  or  nests,  of  small  pipes  through  which 
:  high  pressure  steam  circulates  and  becomes  reheated 

re  being  again  used  in  the  low  pressure  cylinder. 

Construction. — The  exhaust  from  the  high  pressure 
cylinder  enters  at  one  end  of  the  heater,  and   is  corn- 
by  baffle  plates  to  flow  over  and   around   these 
»bes,  finally  passing  out  at  the  other  end  of  the  cham- 
into  the  low  pressure  steam  chest.     Live  steam  at 
lilet  pressure  is  RUde  to  pass  through  the  tubes  around 
Inch  the  exhaust  steam  circulates,  and  in  this  way  the 
shaust  from  the  high  pressure  cylinder  can  be  reheated 
it   enters  the  low  pressure  cylinder.     The   usual 
i  of  a  rehcatcr  consists  of  a  cast  iron  or  wrought 
shell,  having  at  one  end  a  lube  plate  secured  be- 
rccn  the  shell  and  cover.     A  large  number  of  wrought 
>n  boiler  tubes  are  expanded  into  this  tube  plate,  and 
boiler  tubes  are  expanded  at  the  other  end  also  into 
a  tube  plate  which  is  bolted   to  the  head.     One  end  of 
be  rehcatcr  is  closd  by  a  cover  through  which  a  steam 
and  an  air  drain  pipe  pass.     A  drain  pipe  is  inserted 
trough  the  lower  head  and  connected  to  a  trap.     The 
tin  from  the  shell  is  also  led  to  a  trap. 

Economy. — It  always  economy  to  use  a  re- 

iter,  as  the  amount  >>f  live  steam  used,  may  cause  a 
loss  instead  of  a  gain. 

Test — In  i.kIii    to  determine  if  there  is  any  ccon- 

II  its  usr,  place  a  thermometer  in  the  low  pressure 

cxhauM.     Should  the  temperature  of  the  exhaust  steam 

W  higher  than  that  corresponding  to  its  pressure,  the 

rtheater  i  ig  steam,  and  should  be  abandoned. 


.ill' 


stationary   i:m;i \'ii;:;i \<-.. 

THE    AMERICAN    DUPLEX    COMPOUND 
ENGINE. 


The   most    conspicuous   features   of    thi 
seen  from  Fig:,   loa,  arc  its  compactness  and  simplicity 
It  will   be  seen   from   this  cut  that   it   r  mow 

floor  space  than  the  simpli  and  the   valve  gar 

consisting  of  ;i  single  val> 
the  same  number  of  parts  a--  tin-   • 

engine. 

Progress  in    engineering  is    generally   cither  in  tfcr 
direction  of  a  better  result,  or  a  simpler  o  com- 

pact machine,  and  generally  a  gain  in  one  of  th 
tions  is  accompanied  with  :i  loss  in  th<  other,  so  lhatttii 
two  inns!  be  balanced  against  each  other  ii 
thi    real  advanta  This  Duplex  Compound  Engine 

on<  of  thos<  happy  combinations  in  which  a  great  gain 
in  simplicity  and  compactness  is  also  attended  with  w 
appreciable  gain  in  efficiency. 

The  Valve. — The  va  I  in  this  engine  is  ait  in1 

-!  form  of  piston  valve,  which  provides  .1  verj  nr»c' 
tical  mean-,  of  adjustment   for  wear,     h  is   well  and** 
stood  that  the  wear  of  ;i  piston  valve  in  a  horizontal  ( 
ginc  occurs  on  the  lowei  half,  and  is  caused  by  the  fi 
tion   due  to  the  weight  of  the  val  art  of  th- 

11  Ihe  valve  and  part  in  the  bore  of  the  valve  cbi 
and  the   leakage    is  over    the    upper  half    of    the  val  "•""'. 
through  a  crescent  shaped  opening.     The  lower  half  ^* 
the  valve  which  has  been  worn  by  contact  with  the  Im^f*' 
of  the  valve  chest,  still  fits  the  bore  and   i^  praeticahW 
steam  tight,  and  the  upper  half  of  mid  r~^ 

the  upper  half  of  the  bore  perfectly  if  it  could  '  J^ 

into  contact  with  it.     This  is  just  what  is  provided  ' 
in  the  construction  of  this  -.  splitting  the  val 

horizontally,   so   that    the   upper  half   tna  eparatecf 
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from  the  lower  and  brought  into  contact  with  the  upper 
half  ni  tli.  linn  ilu.  make:  an  oval,  not  a  cylindrical 
valve,  but  a  cylindrical  valve  would  no  longer  fit  the  bore, 
which  has  been  worn  into  an  oval.  To  provide  for  the 
adjustment  of  this  valve,  thin  sheets  of  rolled  copper 
arc  placed  between  the  halves. 

In  Fig.   i'.).?  is  shown  a  longitudinal  s  the 

Skinner  Tandem  Compound  Corliss  Engine. 

In   Fig.    194   is  shown  the   Fulton  Cross-Compound 
Corliss  Engine. 

In  Fig.  195  is  shown  the  St.  Louis  Cross  '  orap 
Belled   Engine,  the  tandem  type  of  which  engine  has 
been   described. 

In  Fig.  !')'•  is  shown  the  Mclntosh-Scymour  0 
Compound  Vertical  Engine.  The  general  constru 
of  this  engine   his  also  boon  discril»«d. 

In  Fig.  197  is  show  w  of  the  va 

of  a  Compound  Ideal  Engine,  thi  valve  on  this  engine 
having  been  heretofore  described. 


I  HAPTER  \\. 

QUESTIONS    AND    ANSWERS    ON    PRECEDING 
CHAPTERS. 

o.    What  i-.  ;i  steam  i  ngine? 

A.     1 1  is  ;m  apparatus  Foi  converting  heat  into  me- 
chanical power. 

Q.     Who  constructed  the  firsl  practical  eng 

A.    Thomas  Savery  in  the  yeai    1693 

Q.    For  what  purpose  was  it  list 

A.    For  pumping  water  nit  of  a  1 

Q.     Who  greatly  improved  upon  tli  ine,  when 

and  how  "' 

A.     Newcomer  in  the  year  17 
which  worked  in  a  cylinder. 

Q.    Who  greatly  ini|n.ived  upon  the  Newcomen  in 
ginc,  introducing  the  firsl  type  ot  the  modern  engini 

A.    James  Wall   in   1764.    He  firsl  iced  the 

use  of  the  separate  condi  nsei  and  a  closed  cylinder, 
gi  ilier  with  a  greal  manj   1  hat  -  ■   which  hire  bi 
little  improved  upon  even  to  tin  lay. 

Q.    How  an-  engines  classifit 

A.      Ki  cording  to  the  work  for  which  they  arc  I 
being  viz.:     (l)  stationary,  portable,  ct<  thi 

arrangement    <<(    the    cylindi  simple,    compoi 

triple  expansion,  etc  :  (;  "!i»g  to  the  1  ol 

the  valves  lo  control   the  distribution  ol   the    itettm 
plain  slide  valve,  automatic  cut  off,  Corl  |  ac- 

cording to  the  mofion  of  the  piston,  as  reciprocating 
rotary. 

Q.     How  arc  these  divisions  subdivided? 

A.     Into  (1)  •  ng  engines,  (a)  non-condens- 

ing  engines.  (3)  singl  wblc  .-«. 

engines. 


a 
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Q.     What  is  a  simple  engine? 

A.  It  is  an  engine  in  which  the  steam  is  us< 
pansively  m  only  one  cylinder. 

Q.     What  is  a  compound  engine? 

A.    It  is  an  i  which   baa  two  cylinder 

steam  being  expanded  twice  b  final  ditchai 

Q.     What  is  a  non-condensing  engine? 

A.  It  is  an  engine  in  which  the  steam  after  h 
been  expanded  in  the  cylinder  is  discharged  into  tl 

mosphere,  or  into  a  heating  system. 

Q.     What  is  a  condensing  engine? 

A.  It  is  an  engine  in  which  the  steam  after  h 
been  expanded  in  the  cylinder  is  discharged  into  a 

In  i.   ii  is  hrtuiglit  in  contact  with 
substance,  by  which  it  is  condensed  and  a  partial  va 
produced  behind  the  piston. 

Q.     What  is  the  object  of  so  condensing  the  si 

A.     It  is  to  r»  much  as  j»ossible  the 

pressure  on  the  piston,  and  (••  thns  increase 
i  flfi  .  tivi   pressure  on  it  throughout  its  stroke. 

Q.     What  are  the  reciprocating  •  an  en 

A.     The)    are  all  the  parts  which   move  bad 
forth  either  in  a  horizontal  or  vertical  dire 
viz.:  (i)  the  piston,  i.'i  the  piston  rod 
head.  (41  the  connecting  rod. 

Q.     What  is  the  cylinder  or  ine? 

A.     It  is  that  part  of  the  engint  En  if 
moves., 

Q.  What  is  meant  bj  the  term  head-cud  and  C 
end  of  the  cylinder? 

A.  The  head-end  is  the  end  farthest  away  (t..i 
crank  shaft,  while  the  crank-end  1-  the  end  nearm 
crank  shaft. 

Q.     What  is  meant  by  the  stroke  of  an  e« 
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A.     Tin-  distance  passed  over  bj  lh<    piston  in  mo] 
ing  fn  .m  on<    extrenv  in  ihe  cylinder  to 

other. 

Q.     What  is  meant  by  the  valve  gear  >>f  an  enginej 
A.     The    mechanism    by    which    the   .steam    is 

tributed. 

Q.     What  composes  the  valve  gear  of  an  engine 
A.     The   distributing   valves,  the  eccentric,   the 

centric  strap,  the  eccentric  rod,  the  rocker,  anil  tin  \;tl 

stem. 

Q.     What  is  the  eccentric,  and   V  its  pUrpOS] 

A.     It  is  a  disc  or  crank  k<  the  shaft  so  tl 

its  center  and  the  center  of  the  shaft  do  IK 

li   is  used  to  operate  the  distributing  valve  i 

Q.     What    i-.  ;i   single   valve  engine,  and   what   is 

fnur-valve  CUgim 

A.     A  single  valve  eng  ing 

controls  the  admission  and  distrihljtion  ol   5te 

for  both  ends  of  the  cylinder,  while  a  foor-i  < 

is  one  which   has  separate  valves  for   the  admi-- 

thc  steam  to  the  cylimler.  and   for 

haust. 

Q.     What  ia  meant  by  the  cut-off  of  the  val 

A.     It  1^  tin-  poinl  of  .1  piston's  travel  at  which  I 

steam  adi  port  closes,  no  further  steam 

mittcd  to  the  C)  Under  during  the  remainder  of  the 
Q.     What  is  the  object  of  cutting  0 

of  the  steam? 

A.    So  as  to  allow  for  expansion  ol  ihe  steam,  tfa 

saving  steam  which  n  fuel. 

Q.     What  is  the  purpose  of  outside  lap  on 
A.     In  onler  to  cut  off  .■  the  pi 

Completes  its  stroke,  and  thus  allow  expi 

Q.     What  is  the  purpose  of  inside  Up  on  a  valve? 


The  Mi'liiiiM-h-Seymour  i  mpound  Vertical  Bn 

Flp  I9fi. 
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A.  It  is  to  close  the  exhaust  port  before  the  piston 
ic;kIii-.  i  In-  end  i)f  the  return  slrokr,  thus  increasing  tbe 
compression  and  forming  a  cushion  of  steam  against 
which  the  piston  strikes. 

O.     \\  li.ii  is  im  ;mt  by  lead? 

A.  It  is  the  amount  thai  the  \.il\r  leads  (he  crank, 
for  it  is  the  space  the  steam  port  is  open  when  the  en- 
gine is  on  the  renter. 

Q.     I  low  is  the  size  of  an  engine  indicated? 

A.     By  the  length  of  the  stroke  and  the  diameter 
the  cylinder. 


n 


Sectional  View  of  Valve  of  Compound  Ideal  EngU 
Fig  197. 


CHAPTER  XXI. 


PUMPS. 


Use. — Pumps  vary  greatly  in  design,  depending  on 
the  character  of  work  for  which  they  are  constructed. 

They  are  now  made  to  handle  water,  beer,  molasses, 
acids,  oils,  melted  lead,  and  such  gases  as  air,  ammonia 
and  oxygen. 

The  different  types  used  to  cover  this  large  field,  of 
work  ire  defined  as  chain,  diaphragm,  jet,  centrifugal, 
rotary  and  cylinder  pumps. 

It  is  orily  the  last  three  types,  viz.:  rotary,  centri- 
fugal and  cylinder  pumps  that  are  generally  used  in  the 
eld  covered  by  this  work. 

Steam  Pump*. — By  steam  pumps  we  mean  those  in 

iii   the  propelling  force  is  steam,  and  which  is  ap- 

to  tiie  movement  of  the  water,  or  other  liquid,  with- 

thc  intervention  of  belting  or  gear  wheels.     Steam 

ipfl    arc   divided   into   two   general   classes,   viz.:     i, 

ect  acting  pumps;  2,  fly  wheel  pumps. 

Direct  Acting  Pumps. — By  this  is  meant  a  steam 
riven  pump  in  which  there  arc  no  revolving  parts,  such 
as  shafts,  cranks  and  fly  wheels,  the  pressure  of  the 
steam  being  transferred  to  the  piston  or  plunger  through 
the  use  of  a  continuous  rod  or  connection. 

The  direct  acting  steam  pump  was  invented  and 
developed  by  Henry  R.  Worthington  in  the  year  1840. 

The  chief  objection  to  the  direct  acting  pump  arises 
from  the  action  of  the  piston  or  plunger  being  intermit- 
tent; that  is,  the  column  of  water  is  started  into  motion 
at  the  beginning  of  each  stroke,  and  comes  to  a  stand- 
still at  the  end  of  each  stroke,  thus  not  only  making  the 
flow  of  the  water  irregular,  but  subjecting  the  pump  and 
the  connecting  pipe  to  serious  strains. 
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Duplex  Pumps. — In  order  to  overcome  llie  inter- 
miium  action  of  tin-  single  direct  acting  pump,  about 
the  jreat  1845  Mr.  Worthington  brought  out  \shat  is 
known  as  the  duplex  pump.  This  is  also  a  direct  acting 
pump,  the  construction  of  the  steam  and  watei  ends  dif- 
fering but  slightly  from  thai  of  the  Singh  direct 

pump,  but  the  mechanism  that  operates  the  •-team  valve 

is  entirely  different,  and  the  result  produced  upon  the 
movement  of  the  water  or  liquid  also  differs,  as  with 
this  pump  a  continuous  discharge  is  secured. 

A  duplex  pump  is  nothing  more  than  a  combination 
of   tWO   single    direct    acting   steam    pu  upled    to- 

gether, the  steam  valvt  "t  "in  being  operated  l»y  the 
piston  of  the  other  pump. 

The  effect  nf  this  arrangement  i-  !•■  .1  steady 

ROW   Of   the   water,   or   liquid,    With    lit    the    usual   strains 

produced  wbi  n  the  flow  of  the  same  is  suddenly  arrested 
and  then  started  again,  as  is  the  ■■■■■  n  single  direct 
.11  ting  pumps 

In   duplex  pumps   the  two  pistons   mOTC   in   opposite 
directions,  making  the  action  of  the  pump  continuous. 
I  In-    valve    has   neither  outside    or    inside   lap.   a-    thi 
would  he  danger  of  the  pump  sticking  on  cento 
hence    the    steam    cannot    he    used    expansively. 

carried  along  by  ci  ming  in  contact  v 
check  or  lock  nuts  placed  on  the  valve  Stem 

Lost  Motion.— In  order  to  arret   the  steam  pi 
when  it  completes  its  stroke    and  allow  the  other  pui 
time  i"  pick  up  the  motion,  thereby  preventing  the  pti 
Stopping    altogether,    a    certain    amount    of   lost    motion 
between    these    check-    or   lock    nuts    must    be   allow 
Should  there  not  be  sufficient  losl  motion,  the  pump  wil 
short  stroke,  if  too  much  lost    motion,    the    piston    wil 
knock  out   the  opposite   cylinder   head,  or  will   stop  on 
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ater.     The    losi    motion    allowed    together   with   the 

miliary   valve,  simply   take   the   place  of  a  fly  wheel  to 

ry  the  pump  over  its  centers- 
Rule. — The  ruh    it  to  allow  as  much  as  one-half  of 

n  each  side  of  the  lock 

nt.  for  lost   lion. 

Fly    Wheel    Pumps. — Are   those   pumps  which   rely 
a    fly     wheel    to    carry    them    ovet    their    centers 
many  disadvantages  they  are  not  in  gen- 
us*. 

Classification. — Pumps  arc  divided  into  two  general 

in  those  having  their  valve  gear  outside. 

ear  on  the  inside,  and 

ble  except  the  piston 


■ 

I 

•c 

H 

on 

■ 
■ 


further  divided  into  single  acting  pumps, 

do  their  work  through  only  one  end  of  the  cylin- 

d  double  acting  pumps,  which  is  simply  an  cn- 

d  pump  combined.     In  this  latter  class  of  pumps. 

•  n  oi  the  piston  in  one  direction  causes  an  in- 

i  discharge  at  the  same  time  at  the 

and   on   the   return    stroke  the   action    is  re- 

the  suction  end. 
therefore  double  acting.     The  single  acting 
Dp  b  not  in  general  use. 

Ends. — The  two  ends  of  a  pump  are  desig- 

e  steam  end.  which   is  .1  complete  steam  en- 

I  h     water  end  into  which  the  water  is  drawn. 

which  it  gcd  by  the  piston  or  plunger. 

To  Adjust  the  Valves  of  a  Duplex  Steam  Pump. — 

must  tirst  be  removed,  and  the 

in  the  Stuffing  boxes  of  the  piston  and  valve  rods 

ied    so    as    to    permit    the  rods  to  be    moved 

igh  the  packing.     Bring  the  rocker  arms  into 


I 
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:i  vertical  position!  M  shown  in  Fig.  207.     While  thi«< 
be  done  without  the  use  of  a  plumbline,   for  aecari 
work  it  should  be  used.     When   the   levers  arc  pin 
they  occupy  the  position  known  as  mid-stroke,  and. « 
it  not  for  the  play  n  between  t li<-  valves  and  I 

lock   mils  on    the   valve  stem,   the  valves  would  occup 
the  corresponding   position   known  as  mid-traveL 
pump  valves  have  no  lap.  when  they  are  placed  at  mid 
travel  the  ends  of  the  valves  should  just  cover  the  ste 
ports,  the  edges  of  the  valves  and  the  outer  edges  of  l 
steam  ports  being  then  in  line, 

After   placing  the  rocker  arms  plumb,  measure 
width  of  I  he  steam  port,  and   then  set  the   valve  squardfj 
over  the  port,  so  t h.ir   both  steam  ports  on  both  side 
of  the  pump  will  be  entirely  closed. 

The  space  between   the  nuts  and  the  Iurs  on 
back  of  the  valve  should  be  equal  to  one  half  the  wid 
of  the  steam  port,  that  is,  if  the  valves  are  now  to  ! 
moved  in  either  direction,  the  steam  ports  would  be 
half  open. 

As  the  valves  will  now  be  in  a  position  to  entifrrfj 
prevent  the  admission  of  steam  into  the  cylinder,  it  will 
be  necessary  to  move  at  least  one  of  the  valve*  so  t*\ 
to  open  one  of  the  steam  ports. 

The  chest  cover  may  now  be  put  on.  and  the  st 
box  glands  tightened  sufficiently  to  prevent  leaking. 

the   piston    is   in   the  exact   center  of  its 
when   the   rocker  arm   is  vertical  and  the  valve  co* 
both  ports  equally,  the  valves  can  therefore  be  adjust1 
by  placing  the  piston  in  the  middle  of  its  travel.    To  ■ 
In-,  move  the  steam  piston  towards  one  of  the  cylinder  I 
heads  until  it  comes  in  contact  with  it,  and  make  a  mart 
on  the  piston  rod  at  the  face  of  the  stuffing  box.    Then 
move  the  piston  to  the  opposite  end  of  the  cylinder  and 
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pmake  another-  mark  on  the  piston  rod.     Then  half  the 
"  itance  between  these  two  marks  is  the  middle  of  the 
ivel  of  the  piston,  and  it  is  only  necessary  to  move  the 
ton  back  until  the  middle  mark  is  at  the  face  of  the 
iffing  box  to  center  the  piston. 

In  Fig.  208  is  shown  the  proper  position  of  the  valve 
the  commencement  of  the  stroke.  As  the  valve  has 
ither  lap  nor  lead,  the  steam  port  is  wide  open,  and 
the  opposite  end  the  exhaust  port  is  wide  open. 
Cushion. — In  Fig.  209  is  shown  a  method  of  cush- 
ioning the  steam  piston  of  a  pump  by  the  use  of  two 
at  each  end  of  the  cylinder,  instead  of  only  one 
as  customary  with  slide  valve  engines.  It  will  be 
that  the  exhaust  is  closed  by  the  valve  passing 
over  first  one  port  and  then  the  other ;  in  this  way  the 
compression  of  the  steam  is  made  gradual  by  the  form- 
kg  of  a  steam  cushion  between  the  piston  and  the  cylin- 
der head,  thus  arresting  the  motion  of  the  piston  gradu- 
ally, and  without  shock  or  jar.  A  dash  relief  valve,  not 
shown  in  the  cut,  is  placed  between  these  two  ports  at 
each  end  of  the  cylinder,  which  valve  is  regulated  from 
the  outside 

Construction  of  the  Water  End  of  a  Steam  Pump. — 
The  construction  of  the  water  ends  of  a  single  cylinder 
ad  a  duplex  pump  is  practically  the  same.  As  shown 
«  Fig.  210,  the  water  valves  are  carried  by  two  plates  or 
decks,  the  suction  valves  being  attached  to  the  lower 
pate  or  deck,  and  the  delivery  valves  to  the  upper  one. 
The  upper  deck,  and  sometimes  both  decks,  are  re- 
Movable.  The  valves  are  secured  to  the  decks  by  means 
•I  bolts  or  long  machine  screws,  which  are  screwed  into 
(he  bridge  across  the  port  in  the  plate. 

The  valve  works  up  and  down  on  this  bolt,  it  serving 
■  a  guide  for  the  valve.    A  conical  spring  is  employed 
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to  hold  the  valve  firmly  to  ita  seat,  the  -pring  being 
in  position  by  the  head  of  the  bolt,  as  can  be  seen 
Fig.  210. 

Water   Valves. — These    valves  are   of   the   flat 
type,   with   a   hole   in    the   center  to  enable   the 
raise  easily  on  the  bolt,  which  serves  a  double  pu 
of  acting  as  a  guide  to  the  valve,  ami  also  to  lii 
travel,  or  lift,  of  the  valve. 

Lift. — In   Fig.  210  is  shown  the  lift  of  the  \ 
which  is  meant  the  height  that  they  are  raised  in-m  t 
scats  by  the  force  of  the  incoming  water.     The  lii 
valve  is  proportionate  to  tin-  pi  ,-,i  at  which  t 

pump  i>  run.  and  il  should  i»-  as  small  as  possibh 
out  causing  too  much  frictional  resistance  t"  the  watt 

Slippage. — Pump  slippage  i-  a  term  used  to  desej 

the  difference  between  tin-  estimated  and  the  actual 
charge  «>f  the  pump,  ami  is  generally  expressed 
centage   of   tin-   calculated    di  Tims 

slippage  i-  given  as  20  per  cent,  it  indicates  thi 

due  to  the  slippage  a tints  to  20  per  cent  of  thi 

lated  discharge. 

Slippage   is   mainly  due  to  the  time  required  lor 
Suction   ami    the   discharge    valves   to  close,   and 
excessive  speed.      \\  hen  the  piston  speed  is  100  high,  1 
water  cannot  enter  the  pump  fast  enough   to  com 
fill  the  cylinder,  and  in  consequence  only  a  partial  fi 
Cylinder  of  water  is  delivered  at  each  stroke. 

This  slippage,  which  is  also  due  to  the  impro] 
ing  of  the  valve,  affects  considerably  the  efficient 
pump--. 

Air  Chambers.— In  ordei  to  steady  the  <li>chargc  d 
the  water,  air  chambers  arc  used  on  almost   all  pumps 
The  air  which  is  contained  in  the  water,  bcii 
than  the  water  rises  and  fills  this  air  chamber   which  is 
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illy    placed  at   the  I  poinl    on  the  discharge 

iber,  :i!i<l   :u   this   was    forma   .1   cushion  tO  steady   the 

he  water  passing  through  the  pump. 

Operation. — The   operation    <■!    iln     water    end   of   a 

ip  may  be  readit;  tood  bj  referring  to  Fig  no, 

shows  the  movement  df  the  water  valves.    The 

a    valves   prevent   the  return  of   the   watei    after  it 

entered  the  cylinder,  and  the  discharge  valve  per- 

thc  outward  passage  of  the  water,  but  does  not  per- 

return. 

The  water  is  nut  actually  raised  bj    suction,  hut  h> 

pressure  of  air  on  the  water  outside  the  pump.     The 

or  plunger,  of  the  pump  exhausts  the  air  from 

inder,  thus  forming  a  vacuum,  and  the  unbalanced 

fight  of  the  water  Causes  it   tO  rise   within   the  pump,  or 

supplying  the  pump,  rilling  the  vacuum  so  formed. 

of  tiiis  lifi  f.n  water  is  about  33  feet,  beci 
of  I  this  height  ha*  about  the  weight 

I  ■■/      1  1  ;   |"  mnd  -.     Pumps  rarely  are 

lition   to   lift   water   this   height,   as   to 

all  pipe-  and  valves  would  have  to  he  perfectly  air 

Ordinarily,  pumps  will  nol    hi:   water  more  than 

25  feet. 

As  a  vacuum  for   the  operation   of   a 

up  where  water  or  a  liquid  must  be  lifted,  it  is  impos- 

pump  tO  lift  hot  water,  as  the  vapor  therefrom 

the  vacuum  as   fast  as  il    1      Formed   by   the   piston. 

where  a  pump  is  required  to  handle  very  hut 

musl  be  placed  below  the  water  supply,  so  that 

ter  will   ■■'■'  the   pump,      Under  snrh  eotirli- 

,1  pump  cau  h.uidii   watei      hi    1    temperature  is  212 

without  1  cial   difficulty,      I  hi 

necessary  condition   for  the   sa  iry  operation 

1  full  and  steady  supply  of  water. 
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Pipe  Connections. — The  pipe  connections  of  a  pump 
should  in  no  case  be  smaller  than  the  openings  in  the 
pump,  uid  both  the  delivery  and  the  suction  pipes  should 
be  as  straight  as  possible.  The  flow  of  water  in  the  suc- 
tion pipes  should  not  exceed  200  feet  per  minute,  and  not 
more  than  500  feet  in  the  delivery  pipe  for  a  duplex  dou- 
ble acting  pump. 

Boiler  Feed  Pumps.  Such  pumps  as  are  used  for 
supplying  steam  boilers  with  their  necessary  water  miji- 
ply,  arc  designated  as  boiler  feed  pump*.  For  ordinary 
tires,  they  are  usually  made  of  the  piston  pattern. 

The  cylinders  arc  generally  brass  lined.  The  valves 
arc  brass  or  of  hard  composition,  with  composition 
springs,  as  the  pump  must  be  suitable  for  handling  hot 
water,  Both  single  cylinder  and  duplex  pumps  are  used 
for  boiler  feeding,  but  the  duplex  pump  is  more  generall) 

used,  as  it  gives  a  mosi  continuous  action  under  all  cir- 
cumsUno 

Selection  of  Pump. — As  the  service  to  which  a  pump 
is  to  be  applied  determines  its  type  and  general  con 
struction.  when  ordering  or  making  inquiries  as  to  th 
pump  for  any  particular  work,  full  information  should 
given  in  answer  to  the  following  questions,  viz.: 

1.  Fot  \-.  I1.1t  purpose  is  the  pump  to  be  van 

2.  What  is  the  maximum  number  of  gallons  to 
pumped  per  hour? 

3.  What  is  the  liquid  to  be  pumped?  If  water,  is  it 
hot  or  cold,  clear  or  gritty,  fresh,  salt,  alkaline  or  acidu- 

4.  What  distance,  vertically  and  horizontally 
fluid  be  drawn  on  suction  side  of  pump? 

5.  To  what  distance  vertically  and  horizontall 
against  what  pressure  per  square  inch  is  the  fluid  to  be 
forced  ? 


,  sicam  imtr. 
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A  Centrifugal  Pump,  Showing  Installation. 
Fig.  199. 
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(k    What  will  be  the  Btcam  pressure  at  pomp?  Give 
•team  pressure  that  pump  may  have  to  work  with. 

;.    How  many  hour*  per  day  i>  the  pump  to  oper- 

■  it  to  run  continuously  ! 
8.    If  the  pump  is  in  in-  connected  t<>  pipes  already 
.  <■  the  diameters  of  the  pipes   also  number  of 
and  elboi 
Compound  Pumps. — In  Fig.  ^15  is  shown  a  sectional 
iew  of  a  compound  duplex  steam  pump. 

Rotary    Pumps. — The    action    of    these    pumps,    as 

n  in  Fig.  196,  depends  upon  the  force  given  to  the 
ter,  or  other  liquid,  by  the  action  upon  it  of  two  tooth 
heels,  which  are  made  to  revuKe  in  an  enclosed  chain 

,  each  tooth  of  these  wheels  acting  as  a  small  piston, 

and  pushing  the  watei    01    liquid  ahead  of  it-     The  flat 

I     ghOUld  be   made  a  MlUg  tit  between 

them  and  the  Cfl  ing    and    thi    edges  of  the  teeth  also  a 

pood  fit  against  tin   sides  of  thi   casing.    These  pumps 

but   little  space,  and  arc  light  and   inexpensive, 

lmt  are  of  low  1  Thi  y  are  chiefly  used  t"  pump 

heavy    liquids,  oi    watei    holding    in    suspension    largi 

.    1  soft  ntat<  rial. 

Centrifugal  Pumps. — Pumps  of  this  type,  as  shown 

i  depend  for  their  action  upon  the  pressure  pro- 

ie  centrifugal  force  of  the  water  rotated  rapidly 

e    vim-    of    the   pump.       As   it    is   tin     •  ■  nil  :l'ii'_'al    force 

upon  which  the*  pumpi       i       ely  foi  moving  the  water 
■her  liquid,  tl  di-.imi.ned  by  that  nami 

pumps  are  onl)  efficient   when  working  under 

■■-..    being   limited   to  a   lift   not   exceeding  40  feet. 

adapted   for   pumping   large   volumes  of 

water   or  sewerage,   and   are  therefore   much   used 

-.(•rage  pumping  and  dredging. 
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TYPES  AND  DESCRIPTIONS  OF  STEAM  PUMPS 

Single  Cylinder  Direct  Acting  Steam  Pumps.— 
single  cylinder  pump  is  preferred  by  01*113    per* 
delivering  for  a  given   capacity   more  water,   with  l*»* 
steam  used  than  possible  with   the  duplex   pump.     Ttt 
is  due  to  the  fact  that  the  friction  of  the  single  1 . 
pump  is  much  less  than  for  the  duplex  pump.     P 
stance,  if  the  stuffing  boxes  of  one  side  <>f  a  duplex  pump 
are  tightened  more  than  on  the  opposite  side,  iii 

on   the  lildil   side   will   move   more  -Jowly,  as  till 

that  side  is  actuated  by  the  more  rapidly  moving 
on  the  other  side,  thereby  considerably  •-liortcning  the 
stroke,  which  reduces  the  volume  of  water  delivered  cof- 
ponding  to  a  given  number  of  sir.  .k<-s  per  minute 
This  is  never  the  case  in  a  single  cylinder  pump,  »* 
its  piston  never  starts  on  the  return  stroke  until  it  h» 
traveled  the  full  length  of  its  stroke  in  either  direction, 
since  the  admission  of  steam  is  controlled  by  one  and 

the  same  motion  of  all  the  reciprocating  parts  w; 
operates. 

Better  economy  is  also  claimed  for  the  single  cylin- 
der pump  owing  to  the  smaller  radiating  surface 
given  capacity,  and  to  the  much  smaller  clearing  spK« 
in  the  steam  end.     While  the  single  cyltndei    pump  to* 
only  two  main  ports  leading  to  the  cylinder,  the  (1 
pump  has  four  main  ports  in  each  cylinder.     I 
this   greatly   increases   the   amount    of  .  learancc, 
means  a  proportionately  greater  waste  of  steam. 

The  adjustment  and  readjustment  of  til  is  al"> 

almost  wholly  eliminated  in  the  single  cylinder  pump. 

The  following  ii  .1  concise  description  of  1 
leading  types  of  the  single  cylinder  direct  acting  stCtf 
pumps,  which  are  in  most  general  use  in  this  country. 
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The  Cameron  Steam  Pump. — All  single,  direct  act- 
ing pumps  make  use  of  an  auxiliary  plunger  to  carry 
the  main  slide  valve,  which  gives  steam  to  the  main  pis- 
ton. By  means  of  various  devices  steam  pressure  is 
made  to  drive  this  auxiliary  plunger  backward  and  for- 
ward. In  the  Cameron  pump,  shown  in  Fig.  200,  the 
plunger  is  reversed  by  means  of  two  plain  tappet  valves, 
■  -Hi  the  entire  mechanism  thus  consists  of  four  stout 
pieces  only,  all  working  in  direct  line  with  the  main  pis- 
ton. Simple  and  without  delicate  parts,  it  is  the  only  in- 
side valve  gear  that  is  absolutely  reliable. 

Explanation. — A  is  the  steam  cylinder ;  C,  the  piston  ; 
I.,  the  steam  Chest;  F,  the  chest  plunger,  the  right  hand 
end  of  which  is  shown  in  section  ;  G,  the  slide  valve;  11. 
a  lever,  by  means  of  which  the  steam  cheat  plungei  F 
maybe  reversed  by  hand  when  expedient;  II  arc  revets* 
Ives;  KK  are  the  reversing  valve  chamber  bonnets, 
and  EE  are  exhaust  ports  leading  from  the  ends  of  steam 
chest  direct  to  the  main  exhaust  and  closed  by  the  revcrs- 
slves  II- 

Operation. — C,  the  piston,  is  driven  by  steam  admit- 
ted under  the  slide  valve  (>.  which,  a-  ii  is  thifted  back- 
ward and  forward,  alternately  connects  opposite  ends  of 
the  cylinder  A  with  the  live  steam  pipe  and  exhaust.  This 
slide  valve  G  is  shifted  by  the  auxiliary  plunger  F;  F  is 
hollow  at  the  ends,  which  are  filled  with  steam,  and  this, 
Btoiag  through  a  hole  in  each  end,  fills  the  span-,  lie 
toeen  it  and  the  head;  ol  the  steam  chest  in  which  it 
works.  Pressure  being  equal  at  each  end,  this  plunger 
P,  under  ordinary  conditions,  i-.  balance  >l  and  motionless; 
but  when  the  main  piston  C  has  traveled  far  enough  t'> 
strike  ami  open  the  reverse  valve  I,  the  steam  exhausts 

h  the  port    I     From  hehind  that  end  of  the  plunger 
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which  immediately  shifts  accordingly  and  carries  with 

live  G,  thus  reversing  the  pump.     No  matter 

lie  piston   may  be  traveling,  it  must   instantly 

hing  the  valve   I.     In  its  movement  the 

ngei  t  slide  valve  i"  close  the  port  E.  and 

ioned  on   the  confined   steam  between   the   ports 

St  cover.  The  reverse  valves   II  are  closed 

piston  C  leaves  them  by  a  constant  pres- 

ind  then  mI  direct   from  steam 

r  through  the  shown  by  dotted  lines. 

The    Marsh   Direct   Acting   Steam    Pump. — In    Fig. 

.n  a  Sectional  view   of  the  interior  construe* 

the   larg.  :  ■'■   Marsh  pumps.     . 

tying  tin'  ehesl  is  passing  to  the  left, 

ug    formed    between    the   re- 

1.1  f   the  •    :uid   Hie   !>••'.•  of  the   first   chest 

is   tii  i  ted  against  the  inside  surface  of 

escaping   through    the    port    and 

)  lindcr. 

-lire  and   impulse  due  to  velocity,  act- 

Eilve  head.  i>|H'rate  to  cli.se  or  restrict  the 
ige  at  the  annnlus,  b\    forcing   the  valve 
in  tin    din  i  ti<m  of  the  current.     On  reach- 
and    driving    the    piston    toward    the 
of  the  cylinder  steam   upon   the 
if  the  valve   head,  entering   the   outer   end 
p|  \\  |    chamber,  is  pressing  the  valve  toward  the 

nj-ht — a     movement    which    would    give    the    admission 
more  portage,  and  deliver  more  -team   to  the  cylinder. 

The    valve    thel  a    position    depending   upon 

the  relative    strength    of   the    two    forces    which    tend    to 

rt    in    «>|>|h>s:!'  n       admission  steam,  which 

I  


i.:i< 
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3.     The  trip  tube  stuffing  box  in  steam  piston 
be   repacked  occasionally. 

The    Burnham    Direct    Acting    Steam    Pump.— The 
■Hewing  is  a  short  description  of  the  Burnham  Steam 
.'alve  and  its  operation,  as  illustrated  by  the  sectional 
views,  shown   in  Fig.  202. 

Fig.  1  is  a  top  view  of  the  pump,  showing  auxiliary 
valve  and  chest  in  section. 

lis:.  2  shows  a  vertical  section  through  the  pum 

live  steam  enters  Steam  chest  at   B  and  is  admttt 
to  the  cylinder,  alternately,  through  i«>rt  F  and  port 

At   the   beginning  of  the  stroke,   port    E   is   coven 
by   the   piston,  as  shown    in   cut;  a  pre-admission  port 
G  is  provided,  which  admits  only  enough  steam  to 
the  piston  an   easy  start ;   but    when    the    steam   piston 
has  moved  far  enough  to  uncover  the  port  K.  it  n 
the  full  steam  pressure  and  moves  at  its  normal  speed 
until  it  covers  the  port  F,  when  it  traps  the  remain! 
exhaust    steam    in    the    end    of   the    cylinder,    and    tb 
forms   a   cushion,  giving  the  piston 

Tin    gear  is  positive  in  action  and  is  operated  by 
slotted  lever  A.  ntoved  by  a  rollei  attached  to  the  pi*- 
ton    rod.     This    lever    A,   alternately,    moves    blocks 
and    T-,  both  of  which  aw  ■  !   to  valve  stem 

which   in   turn   moves  auxiliary  valve    II    'Fig.    l)   in 
direction   opposite   to  the   motion   of  the   piston. 

At  the  end  of  the  stroke,  the  auxiliary  valve  H 
be  moved  to  the  left  far  enough  to  open  port  P  to 
haust  through  R,  at  the  same  time  admitting  live  st 
through  port  C.     This  causes  the  chest  piston  M  to  mo 
instantly,  carrying  main  valve    I'  with  it.  and  re\ 
the  motion  of  the  pump. 

The  chest   piston   has  a  pair  of  preadmission  ports 
similar  to  those  described  above  for  the  main  pis; 


STATU >N AH Y   ICNGIN  KER I  N  i .. 


(537 


ClOM  ili<  valve,  and  cylinder  steam,  which 
Udi  in  open  the  valve  wider.  This  constitutes  the 
ovtrning  element. 

Operation. — Having   now    explained   that    the  steam 
perfectly  balanced  position,  next  will  be 
how  it  is  reversed  at  the  end  of  the  stroke. 

piStOn     COnsiStS,     ;,-.     shown,     of     a     S| I 

fin,  each  head    ■!'  which  i-.  [•>■■•-  i  - 1  ■  ■  1  with  ;i  metal  pack- 
interior  space  forming  a  reservoir  for  live 
im,  v  pplied  from  ihe  tipper  chamber  of  the 

he,  following  the  passage  indicated 
ted    lines    to    the    central    cap    m    cylinder    cover, 
>ngh  attached  tube  ami  hollow   piston   rod. 
I  hi  lire  is  used  only  for  the  purpose  of  "trip- 

ling" or  reversing  the  valve,  by  admitting  steam  altcr- 
the    outer    surface    of    the    valve    heads, 
tgh  thi  titij;  passages  near  each  end  of  the 

Caution. — To  engineers  in   charge  of  Marsh  pumps, 
mid    necessary  to  call  attention  to  the  follow- 

Phe    gasket    packing   between    the   steam   chest 
cylinder   tnu  patterned    from   the   planed  stir- 

dt  r   i    lower  pai  i   of  i  hcst'l,  care- 

ating  all  holes,  and   making  certain  that  the 
fled  |  i  ach  end  an    tmobsti  ttcted  al  point  of 

with   corresponding   hole*    in   chest,   either   by 
or  packing. 

lindet    i  <»  cr    must    he    ■•  ■    placed,    when 

inder,    that    the    continuation    of    passage 

i'wn  in   >''  viiii,'  the    trip   suppl)    steam 

ill,    shall    register    in    h<  ail    ami    cylinder,    and    a 

pa-  •_■    l>.-    placed    under    tin     cover,    with 

to  connect  the  passages. 
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arc  for  the  purpose  of  giving  a  steam  cushion  to 
quiet  action. 

Blocks  K  ami   I.  arc  independently  adjustable 
rod  T.  enabling  the  engineer  to  make  the  pi 
close  to  the  heads  as  he  desires,  and  to  make 
mi  d(  i"  compensate  foi  wear. 

The  advantages  of  this  valve  gear  are:  A  mom 
pause  of  the  piston   at. the  end  of  each  stroke,  causmc 
the  water  valves  to  scat  quietly  without 
a   slow   initial    movement    of    the   piston,    w" 
Water  columns  are  started  gradually,  relieving  the  pun? 
and  piping  of  undue  strains:   a   steam   ;  m  the 

main  steam  piston  proportioned  to  th 
that  it  has  to  do;  and  immunity  from  damage  in 
of  accident. 


ami 


Directions  to  Set  Valve.— \\  Ml.    testing  the  B 

ham  pump  at  the  factory,  the  val  adjusted 

an  ample  amount  of  clearance  to  the  Steam  pisl 
all  pumps  should  be  readjusted  after  they  ha> 
operation  for  a   time,  to  suit   the  conditions  and  diMts 

red. 

\  ou  will  find  on  tie  rod  i  see  ■  ul  I,  U| 
the  piston  rod  guide,  a  mark  ;it   each  end,  unhealing  tf* 
extreme  travel  of  the  DlStOfl 

If  yon  find  that  the  pump  does  nol  run  as  i 
the  mark  as  practical,  loosen  the  set  screw  in  cam  block 
on  the  opposite  side  of  the  actuating  lever  I 
you  wish  to  lengthen  the  stroke,  and  move  the  cam  bk*k 
away  from  the  point  of  contact  of  actuating  levi 

This  will  allow    the   pi-ton   lo   m 
opening  the  valve. 

You   will   find  that  by   moving  this  cam  block  I-i 
of  an  inch,  it  makes  quite  a  perceptible  difference  in  tW: 


I 
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ton  travel,  according  to  the  size  of  pump  to  be  ad- 
•tcd. 

If  pump  should  travel  too  close  to  the  marks,  which 
(raid  cause  it  to  hesitate  and  stop  at  the  end  of  stroke, 
)u  should  move  these  cam  blocks  toward  the  point  of 
intact  of  actuating  lever. 

Always  move  the  cam  blocks  on  the  opposite  side 
1  lever  from  which  you  wish  to  change  the  stroke. 

In  all  cases  the  piston  should  make  as  long  a  stroke 
i  possible  and  give  the  required  speed  to  do  the  work. 

In   all   pumps  made   up   with   cast   iron   yokes   not 

owing  the  marks  for  length  of  stroke,  push  the  piston 

one  end  until  it  strikes  cylinder  head,  and  scratch  a 

irk  on  the  piston  rod  at  the  stuffing  box.     Repeat  this 

me  operation  on  the  other  end,  and  use  these  marks 

adjust  the  valve  as  described. 

The  Blakeslee  Direct  Acting  Steam  Pump. — In  Fig. 
3  is  shown  this  type  of  a  direct  steam  pump. 

The  Deane  Direct  Acting  Steam  Pump. — In  none 
the  so-called  direct  acting  steam  pumps  is  a  rotary 
ation  developed  by  means  of  which  an  eccentric  can 
•  made  to  operate  the  valve.  It  is,  therefore,  neces- 
ry  to  reverse  the  piston  by  an  impulse  derived  from 
self  at  the  end  of  each  stroke.  This  cannot  be  effected 
i  an  ordinary  single  valve  engine,  as  the  valve  would 
e  moved  only  to  the  center  of  its  motion,  and  then  the 
rhole  machine  would  stop.  To  overcome  this  difficulty, 
(small  steam  piston  is  provided  to  move  the  main  valve 
It  the  engine. 

In  the  Deane  pump,  shown  in  Fig.  204,  the  lever  90, 
■rfaich  is  carried  by  the  piston  rod,  comes  in  contact 
•Wi  the  tappet  when  near  the  end  of  its  motion,  and, 

means   of   the   valve  rod  24,   moves  the  small  slide 

e  which   operates  the  supplemental  piston  9.     The 


i 
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supplemental  piston,  carrying  with  it  the  main  valve,  is 
thus  driven  over  by  steam,  and  the  engine  reversed.  If, 
however,  the  supplemental  piston  fails  accidentally  to 
be  moved,  or  to  be  moved  with  sufficient  promptness  by 
tfeam,  the  lug  on  the  valve  rod  engages  with  it  and 
compels  its  motion  by  power  derived  from  the  main  en- 
line. 

The  Hooker  Direct  Acting  Steam  Pump. — The  es- 
sential point  in  steam  pumps,  is  the  movement  of  the 
Hetm  valves,  which  control  the  admission  and  release 
of  the  steam  to  and  from  the  steam  cylinder,  for  on  this 
depends  the  correct  and  even  length  of  the  stroke  of 
pomps  and  economical  distribution  of  steam  for  the  re- 
quired duty. 

The  accelerated  valve  movement  in  the  construc- 
tion of  the  Hooker  pump,  as  seen  from  Fig.  205,  pro- 
duces the  desired  results,  that  is,  their  pistons  will  al- 
ways make  full  strokes  under  any  pressure  and  speed. 

The  cam  which  is  cast  integral  with  the  rock  shaft, 
is  always  in  contact  with  one  wiper  on  the  valve  rod. 
The  steam  valve  starts  slowly,  its  speed  is  gradually  ac- 
celerated to  the  point  of  reversal  of  the  piston  when  the 
maximum  valve   travel    is  attained.     This   compels   the 
jump  to  make  full  and  even  strokes  without  resort  to 
fcppct  connections  to  move  the  valve,  thereby  avoiding 
'll  pounding.     These  pumps    will    run    noiselessly   antl 
"uoothly  at  all  speeds  and  pressures.     The  main  steam 
"h*  is  cushioned  on  compressed  live  steam ;  it  reverses 
"stantly  and  without  noise  or  shock. 

The  Knowles  Direct  Acting  Steam  Pump.— The 
Piffle  advantage  of  this  pump,  shown  in  Fig.  206,  is  its 
^lute  freedom  from  what  is  termed  a  "dead  center." 
*■•  feature  is  secured  by  a  very  simple  and  ingenious 
•thanical  arrangement,  j.  e.,  by  the  use  of  an  auxiliary 


The  Di'iine  Direct  Acting  Steam  Pump. 
Fig   204. 
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th(  in   chest  and  drives  the 

fbii  auxiliary   ot  '  chest  piston."  as  it  is 

n  backward  and  forward  by  the  press 

with  it  the  main  valve,  which  valve, 

the  main  steam  piston  that  opcr- 

•  pump       This   main   valve    is  a   plain   slide   valve 

form,  working  on  ;i  flat  seat. 

The  chest   piston   is   slightly   rotated  by  the   valve 

wtiun  I    places   the  small   steam 

(which  are  located  in  the  under  side  of  the  said 

Bot  i'  itact  with  corresponding  ports 

i      The   sti  am   entering  through 

nd  filling  the  space  between  the 

m  and  the  head,  drives  the  said  piston  I 

■d  of  its  stroke  and,  as  before  mentioned,  carries  the 

lide   valve   with  it.     When   the  chest  piston  has 

{yeled  a  certain  distance,  a  port  on  the  opposite  end 

ed  and  sti  stopping  its  further 

by     giving    it    the    necessary    cushion.      In    other 

rn  is  given  to  the  auxiliary 
n   by   the    mechanism   outside,   it 
ram  adniissii-u  "ii  one  end,  and  at 
lie   port   mi   the  other  end   to   the 
ant  and  positive  motion  is  secured 
but  orkniR  parts.     There  is  no  point  in  the 

vhich  either  the  chest  piston  or  the  main  pis- 
open    to  direct    steam    pressure.     Hence   the 
Btunil  any  dead  point  whatsoever. 

Operation. — The    piston   rod,    with    its    tappet   arm. 

forward  from   the  impulse  given 

,.:n  piston.     At  the  lower  part  of  this  tappet 

stud  or  bolt  on  which  there  is  a  fric- 

i,  p        I  bis   friction  roller,   with  its  bolt  and  nut, 

I  or  raised,  when   it  is  desired,  to  adjust 
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the  pump   for  a  longer  or  shorter  stroke.     This  ro/li 
coming  in   contact  with    the  "rocker  har"  at  the  end 
each  stroke,  operates  the  latter.     The  motion  given  tr» 
"rocker  har"  is  transmitted   In   the  valve  rod  by  mean 
of   the   connection   between,   causing  the   valve   rod  : 
partially  rotate.     This  action,  as  mentioned  above,  opd 
ates  the  chest  piston,  which  carries  with  it  the  main  slid 
valve.     The  said  valve  giving  steam  to  the  main  piston 
the  operation  of  the  pump  is  complete  and  contimiou 
The  upper  end  of  the  tappet  arm  docs  not  come  in 
tact  with  the  tappets  on  the  valve  rod,  except  the  stc, 
pressure  from  any  cause  should  fail  to  move  the  ches 
piston,  in  which  case  the  tappet  arm  moves  it  mech; 
itally.      This  makes  the  pump  absolutely  positive. 

Directions. — Should  a  pump  run  longer  st: 
way    than    the   other,   simply    lengthen   or   shorten   I 
rocker  connection  (Part  25)  so  that  rocker  bar  (Part 
will  touch  rocker  roller  (20)  equallv  distant  from  cen' 
(22). 

2.  Should   a   pump   hesitate   in    making 
stroke,  it  is  because  rocker  roller   (20)   is  too  lo 
does  (IOI  COtne  in  contact  with  the  rocker  bar  (23) 
enough.     To  raise  it.  take  out  rocker  roller  stud  1 
give    the   set   .-.crew    in    this   stud    a   sufficient    downwa 
turn,  ami  the  stinl  with   its  roller  may  at  once  be  rai 
to  proper  height. 

3.  Should  valve  rod  (17)  ever  have 
tremble,  slightly  tighten  up  tin  valve  rod  -luffing  bo: 
nut  (28).  When  the  valve  motion  -  proper!)  adjusted] 
tappet  tip  (it>i  should  not  quite  touch  collar  115)  and 
clamp  (27).  Rocker  roller  (20).  coming  in  contact  with 
rocker  bar  (23)  will  reverse  the  stroke 

4.  The  water  piston  is  adjustable  by  ra 
monts  that  can  be  seen  by  taking  off  the  follower, 


The  Knowing  Dfn-ct  Acting  SU-urn   Pump. 
Fig.  «*. 
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the  packing  quickl)   sel   oul   to  always  insure  ; 
suction  md  al  the  same  time  not  be  bo  tighl  as  I 

Construction  of  Duplex  Steam  Pumps. —  In  Fig.  ill 
is  shown  a  sectional  view  of  the  ordinary  consti 
of  a  duplex  steam  pump. 

The    Worthington    Duplex    Steam    Pump. — In   Fig 
214  is  shown  an  outside  view  of  this  pump.     Tli 
valve,  as  maj  be  seen  al  I'..  Fig.  21 1,  is  an  ordinary  sii.lr 
valve,  which   is   the  simplest  and  most   reliable 
known  i"  engine* 

In  tin-  Worthington  pump  the  motion  of  this 
is   controlled  by   a  vibrating  arm,  seen  al    lr,   Fjg.  ill. 
which  swings  through  tin    whole  length  of 
As  the  moving  parts  an  always  in  contact,  the  W 

irable  from  the  tappel  system  Jed. 

This  valve  motion  is  the  prominenl  and  distir 
ing  characteristic  of  this  pump.     Tw 
placed  siilc  l.s  side  and  so  combined  thai  one  pisl 
to  give  steam   to  the  other,  after  which   it   finishes  its 
1  '.mi  stroke  ami  waits  for  its  van  ■  d  upon  |A 

the  other  pump  before  it  can  renew  its  motion  This 
pause  allows  the  water  valves  to  seat  quietly,  ami  n> 
moves  any  harshness  of  motion.     A  ■    the  othtt 

of   the  steam    valves   is   always  open,   thei  dead 

point,  and  therefore  the  pump  is  always  ready  t 
when  the  steam   is  admitted.     The  same  typt 
cylinder  and  valve  motion    is  furnished   with   put 
either  the  plungcr-and-ring  pattern  or  the  piston  pattern 

In    the  plungcr-and-ring  pattern    there  is   a  donW 
acting  plunger   working   through    a   deep    metallic  ri 
bored  to  fit  accurately  the  plunger.     The  plunge; 
catcd  some  inches  above   the  suction  valves,    lev. 
subsiding  chamber,    into    which    any    foreign    substance 
may  fall  oul  of  the  way  of  the  wearing  Outfaces.    Both 


Pwition  of  (he  Gear  when  setilriK  Vitrei  of  Duplex  Pump 
KIs.  207. 


■ 


Ion  of  i ho  Volvc  at  coniracncemcnl  of  Hie  Stroke. 
Fig.  J08. 


M«tbod   of   Cushioning  the   Steam   Piston   of 
Fig-  209. 


Water  End  of  Steam  Pump,  8how'tnj  Lift  of  Valr« 
Pig.  210. 
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J  the  plunger  and  ring  can  be  quickly  taken  out  and  cither 
refitted  or,  when  necessary,  renewed  at  small  cost.  The 
nlves  consist  of  small  discs  of  rubber,  or  other  suitable 
material,  and  are  easily  accessible  through  convenient 
hand-holes. 

In  the  piston  pattern  pump  there  is  a  packed  water 
piston,  working  in  a  brass  lined  cylinder.  Both 
Ike  suction  and  the  discharge  valves  are  located  above 
flit  water  pistons,  so  that  the  pistons  may  be  at  all  times 
abmerged.  The  valve  areas  and  water  passages  are 
large,  and  special  care  is  taken  to  have  all  the  internal 
farts  easily  accessible  for  inspection  and  repairs.  This 
pattern  is  recommended  where  the  liquid  to  be  pumped 
contains  small  quantities  of  grit  or  foreign  material,  or 
•here  there  is  an  unusually  long  or  high  suction  lift, 
h  both  arrangements  all  the  moving  parts  are  made  to 
page,  and  may  be  readily  removed. 

In  Fig.  212  is  shown  an  exterior  view  of  the  ordinary 
type  of  a  duplex  pump. 

The  Snow  Duplex  Steam  Pump. — The  sectional 
view,  shown  in  Fig.  213,  serves  to  illustrate  the  extreme 
simplicity  of  the  Snow  steam  pump.  These  pumps  are 
of  the  duplex  pattern,  consisting  of  two  direct  acting 
engines  and  two  double  acting  pumps,  so  coupled  that 
the  steam  piston  of  one  actuates,  through  the  medium 
of  the  vertical  lever,  the  steam  distribution  valve  of  the 
other. 

The  advantages  of  the  Snow  duplex  valve  motion 
are  as  follows : 

1st.  It  is  so  simple  that  its  operation  can  be  undcr- 
Jtood  by  anybody,  whether  a  mechanic  or  not. 

2d.  It  is  reliable,  and  will  continue  to  distribute 
the  steam  and  operate  the  pump  under  even  the  most 
extreme  conditions  of  wear  and  abuse. 


8ectlon:il  View  of  ■  Dupli  \  BlMO  Phiiiii 
FlK-   211. 
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It  can  never  place  the  valves  in  Mich  a  posi- 
ih.u  ;ill  the  porta  are  covered  by  them  at  the  same 
:  hence,  the  pump  can  always  be  started  bj  simply 

ing  on  steam,  and  it  ran    never  Bl 


Explanation. —  that    th<    pisl  ins   of  No.    i 

ikle  have  completed  thi  They  have  then  moved 

lie  slide  valve  of  No    -'  side  to  extreme  position 

id  opened  full  the  admission  port  i"  one  end  ami  the 

xhatist     put    from    the    other    end    of    No,    2    cylinder; 

-  are  making  their  stroke  and  arc 

ally  reversing  the  slide  valve  "i  No.  I  side.     When 

_•  pistons  have  completed  about  two-thirds  of 

their  stroke,  they    hav<    moved   tin-   slide  valve  of  No.   I 

SO  that   ii   has   jusl  begun  to  open  the  No.   i  ports. 

start    tin-    No.     i     pistons    on    their    return    stroke. 

ui.     2     pistons  move      to     complete 

open     the     No.      i     ports,     and 

ii;     the    lime    they    have    completed    about    five-sixths 

ns  have  gotten  under  way 
■ii  their  return  stroke,  and  the  S*o  .•  -team  piston  has 
covered  th  usi  potl  through  which  steam  was  be- 

xhausted  and  is  down  under  the  influence 

ra'srri  m   01      ash     elicl   valve.     Tin's   valve   ii 
mall  port  connecting  the  steam  port    with  the 
it    port    at  each   end   of  each    steam    cylinder,   and 
through    which    the    imprisoned    exhaust    steam    has    to 
o   permit    the    p  to    complete    their    stroke. 

This  they  do,  gradually  si.  .wing  down  and    finally  com- 
ing to  rest  at  the  end  of  the  stroke,   having  moved  the 
>alvc  of  No.   i   side  to  its  extreme   position,  thus 
opening  tin    No.   i   ports  wide.     By  this  time  the  No.  I 
have  completed  about   one-half  of  their  stroke 
and  are  reversing  the  slide   \alve  of   No.  2  side,  while 
No.  -'  pistons  are  at  rest ;  and  when  the  No.  I  pistons 
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have  completed  about  five-sixths  of  their  stroke,  and 
are  slowing  down  under  the  influence  of  the  cushion 
valve,  the  No.  2  pistons  are  under  way  again  on  their 
return  stroke,  while  the  No.  1  pistons  gradually  slow 
down  and  come  to  rest  at  the  end  of  their  stroke. 

The  effect  of  the  slowing  down  and  the  pause  at 
the  end  of  the  stroke  can  be  readily  seen  from  the  fol- 
lowing: While  the  pnmp  piston,  or  plunger,  is  moving 
at  its  highest  velocity,  the  suction  valves  on  one  end 
and  the  delivery  valves  on  the  other  end  are  raised  to 
the  highest  position  from  their  seats;  but  while  the 
piston,  or  plunger,  slows  down  and  pauses  at  the  end  of 
the  stroke,  they  seat  gently,  so  that  by  the  time  the  re- 
turn stroke  is  begun  the  valves  have  seated  and  the 
opening  of  the  other  valve  is  cushioned  by  the  valve 
springs. 

The  result  is  the  entire  absence  of  valve  hammer, 
■o  common  in  quick  reversal  pumps. 

It  causes  the  pump  to  deliver  a  steady  and  uniform 
flow  of  water,  thus  preventing  any  water  hammer  in 
the  pumps  or  pipes. 
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CHAPTER  XXIII. 


QUESTIONS   AND   ANSWERS  ON    PUMPS. 

II).    What  is  a  pump?  » 

■  ice  fur   transferring  or  circu- 

bat  arc  tin  two  mi  thoda  of  operat- 

ed? 
.'.  ith  the  sti  am  i 
ailed  i  :ting  pumps;  bj  belting  "t  gearing)  called 

Q.     How  arc  boilei   feed  pumps  usually  operated? 
A.  am  cylinder,  that  is. 

piston   mounted   in   a   -lircct 

id  as   the     team  piston. 
Q.     If  ng  pump  carried  over 

he  dead  i 

■I.  ction  ■••.  ith 
mail 

plex  pump  .1  direi  '  acting  pump? 
A.     Yes. 

Q.  gle  cylinder  pump  a  direct  acting  pump? 

from  a  duplex  pump  in 
it-,  valve  gear. 
Q.     How    in. hi.    valves  has  a  -.ingle  acting  phu 
ramp? 

me    foi    i  '>  e}\  ii  ■■    and   (lie   other 
or  discharging. 

Q,  lias  ill.    double  a<  ting  pump? 

I '.  >ur  valves    twi    foi  n  ind  two  for  dis- 

lurging. 
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Tlie  Wortblngton  Duplex  Steam  HMmp 
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Q.  How  many  valves  do  large  pumps  often  have 
<i  the  water  cylinder? 

A.  They  often  have  as  many  as  sixteen  and  fre- 
luently  thirty-two  small  valves  on  the  water  cylinder. 

Q.  Would  it  not  be  better  to  have  a  few  large 
alves  instead  of  so  many  small  valves  on  this  cylinder? 

A.  No,  because  the  small  valves  do  not  require  as 
mch  lift  as  the  larger  ones,  consequently  at  each  stroke 
f  the  pump  they  do  not  lose  the  quantity  of  water  that 
oald  be  lost  with  the  larger  valves. 

Q.-  Which  should  have  a  larger  area,  the  steam  pis- 
n  or  tfa«  water  piston  of  a  pump  ? 

A. ".'  f"he  steam  piston,  otherwise  the  pressure  on 
e  water  piston  would  equal  the  pressure  on  the  steam 
stoavaad  the  pump  would  refuse  to  work. 

Qi  How  much  larger  area  should  the  steam  piston 
ve  than  the  water  piston  ? 

A.  About  two  and  three-fourths  times  the  area  of 
e  water  piston. 

Q.  How  would  you  therefore  find  the  area  of  the 
earn  piston? 

A.     Multiply  the  area  of  the  water  piston  by  2.75. 

Q.  How  do  you  find  the  horse  power  necessary  to 
imp  water  to  a  given  height? 

A.  Multiply  the  total  weight  of  the  water  in 
Dunds  by  the  height  in  feet,  and  divide  the  product  by 
3.000. 

Q.  How  do  you  find  the  pressure  in  pounds  per 
quare  inch  of  a  column  of  water? 

A.     Multiply  the  height  of  the  column  in  feet  by 

434- 

Q.     At  what  piston  speed  should  an  ordinary  boiler 

teed  pump  be  run? 

A.    About  fifty  or  sixty  feet  per  minute. 
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Q.    Why   are   the   valves   of   duplex   pumps   made 
without  lap? 

A.  In  order  to  avoid  the  danger  of  sticking  upon 
the  centers. 

Q.  What  precautions  should  be  taken  in  leaving 
pumps  in  cold  weather? 

A.  All  the  water  should  be  drained  in  order  to  avoid 
freezing.  Therefore,  the  drip  plugs  and  cocks  which 
are  provided  for  the  purpose  of  draining  the  pump, 
should  be  opened. 

Q.  How  would  you  choose  the  proper  size  of  a 
toiler  feed  pump  for  a  given  boiler? 

A.  Multiply  the  horse  power  of  the  boiler  by  34 J/2, 
which  will  give  the  number  of  pounds  of  water  evapor- 
ated by  the  boiler  per  hour  from  and  at  212  degrees. 
Divide  this  result  by  8.35.  which  gives  the  number  of 
gallons.  Then  choose  a  pump  capable  of  supplying  dou- 
ble this  quantity,  so  that  it  will  be  large  enough  even 
when  the  boiler  is  being  forced  to  its  utmost. 

0.     How  do  you  designate  the  size  of  a  pump? 
A.     By  giving  the  diameter  in  inches  of  the  steam 
end.  by  that  of  the  water  end,  by  the  length  of  the  stroke. 
in  the  order  named. 

Q.     Give  an  example? 

A.  A  pump  8"x6"xio,"  is  a  pump  having  an  8-inch 
Meam  end,  f>inch  water  end  and  a  10-inch  stroke. 

Q.  In  the  Cameron  pumps,  how  does  the  steam 
i-capc  from  behind  the  chest  plunger  into  the  main 
exhaust  ? 

A.  Through  the  ports  shown  just  above  and  below 
she  reversing  valves. 

0.  In  Fig.  210  does  the  arrow  indicate  I  he  right 
direction  of  the  piston,  ami  at  what  point  will  the  piston 
It  in  stroke  when  the  valves  seat? 

A.  Yes.  for  in  high  speed  pumps  the  valves  will 
"M  seat  before  the  piston  has  reached  about  one-third 
>i  return  stroke.  This  is  due  to  the  pump  slippage  and 
lime  for  valves  to  scat. 


CHAPTER  XXIV. 
ELECTRICITY  AND  MAGNETISM. 


Definition. — What  is  electricity  is  not  known.     H  B 
invisible  and  impalpable.     Our  knowledge  of  i' 
lined  id  its  generation  and  application,  but   thai  at 
nf  tile  greatest  moment  to  the  engineer  and  stud. 
without  such  knowledge  no  stationary  engineer  should 
hold  a  first-class   Ho  n-.e.   permitting  him    to  operate  I 
modern  steam  plant. 

Electricity  is  now  so  universally  used,  that  in  ad- 
diiii  hi  to  the  many  growing  demands  upon  the  modern 
i  engineer,  is  the  necessity  for  a  thorough  knowl- 
edge of  the  operation  of  electrical  generators  and  mo- 
tors, and  a  thorough  understanding  of  the  principle* 
upon  which  they  operate. 

Electricity. —  The    name   electricity    is   derivi 
the  Greek  word  electron,  which  means  amber,     li 

ivered  many  centuries  ago.  thai  amber  When  rubbed 
I  the  curious  property  of  attracting  light  IkxIi'«. 
This   manifestation  of  attraction    in  the  amber  or  elec- 
tron, was  believed  by  the  Greeks  to  be  due  to  a  spW 
tint  dwelt  within  the  amber,  and  which  w  ;>ed  by 

the  warmth  generated  by  the  friction  of  the  rub' 

Such   was  the  discovery  of  the  wonderfully  subtk 
force  that  is  revolutionizing  the  world,  and  which  n> 
quires  every  student  or  engineer  who  hopes  to  ma 
cess  in  any  branch  of  the  engineering  field  to  master  it* 
principles  and  operation  in  order  to  succeed  in   < 
ticular  work. 

Static  Electricity. — This  is  a  term  employed  to  des- 
ignate   electricity    produced    by    friction.      When    static 
■  tec)   i'  it)    is  discharged,  it  produces  more  or  less  a  c 
rent  which  shows  itself  by  the  passage  of  a  spark,  b 
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s  only  of  short  duration,  and  is  of  no  practical  value. 
It  is  electricity  at  rest,  and  is  used  in  distinction  to  elec- 
tricity in  motion,  or  dynamic  electricity,  which  is  of  far 
more  importance,  and  which  will  therefore  be  chiefly 
considered  in  this  work. 

Classification. — The  subject  of  electricity  is  divided 
into  the  following  classes,  viz. : 

(i)     Static  electricity,  or  electricity  at  rest. 

(2)  Current  electricity,  or  electricity  in  motion. 

(3)  Magnetism,  or  electricity  in  rotation. 

(4)  Electricity  in  vibration  or  radiation. 

Generation. — The  usual  method  of  generating  stat- 
ed electricity,  is  by  the  use  of  what  is  known  as  the 
■lite  machine. 

Plate  Machine. — This  machine  consists  of  a  circular 
•late  of  glass  that  is  mounted  upon  a  shaft  made  to  turn 
•t  means  of  a  crank  and  handle.  Pressed  to  either  side 
f  the  glass,  at  the  top  and  bottom,  is  a  rubber  made  of 
loth,  felt  or  soft  leather. 

At  right  angles  to  the  rubbers  on  the  circle  of  the 
"late,  there  is  a  frame  from  which  a  number  of  sharp 
oints  project  which  are  brought  so  that  they  almost 
ouch  the  plate.  These  points  and  the  frame  to  which 
hey  are  attached,  are  connected  by  a  good  conductor 
3  what  is  known  as  the  prime  conductor. 

Operation. — The  operation  of  such  a  machine  is  cx- 
eedingly  simple.  The  plate  is  caused  to  revolve,  and 
lie  frictional  action  of  the  rubbers  upon  it,  charges  it 
nth  electricity.  As  the  successive  portions  of  the  glass 
fate  pass  beneath  the  points,  the  electrical  charge  is 
nwn  off  and  carried  by  them  to  the  prime  conductor, 
rom  which  it  can  be  drawn  in  turn  to  the  Leyden  jar 
•herein  it  is  stored. 

Current  or  Dynamic  Electricity. — Current  electricity 
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may  be  defined  a   i  quantity  of  electricity  which  paste 
through  a  conductor,  or  is  electricity  in   motion, 
production   Of  all   electricity   is   the   transforming  of 
form    of    energy    into    another,    usually    by    median 
nic, ins;  and  in  this  form  oi  electricity,  the  device 
Ing  such  transformation  of  mechanical  into  electric 

energy,  is  called  a  generator  Ol  dynamo. 

An  electrical  motor,  on  the  contrary,  is  a  device 
changing  electrical  into  mechanical  ciici. 

Manifestations. — An    electric    current    manifests 
self  by  il"  heating  of  the  wire  or  the  cooductoi  throi 
which  ii    passes,  or,  bj    causing  a  magnetic  field  3 
the   wire  "i-  conductor,  or  lastly,  b)    causing  c hernia 
changes  in  ;i  liquid  through   which  it   is  made  to  ; 

All  these  manifestations  indicate  the  char, 
fill  work  capable  of  being  performed  by  an  cleci 
current    First,  the  heat  cai  the  resistance 

conductor  through  which  the  current  i  -  madj 

generate    light    and    heat.  the    magnetic 

around  the  wire  or  conductor  is  used  to  op  II  cl 

acter  of  electrical  machines  and   motors  and  also  oui 
high    voltage    Current--    ■•■>(•■   and    practical    In     the 

Third,     the    chemical    changes    broni 
about  in  the  liquid  by  the  passage  through  it  of  the- 
rein,   is   used    for  the   storage  of  electricity    to  l>c  brie* 
used,  as  needed 

Primary  Batteries.— The  simplesl  method  of  gen*} 
ating  electricit)  foi  practical  use   is  In  an  clei 

Principle. — If  a  plati    ol   metal  i-  placed   in 
called   an    electrolyte,    there   i?    -..  I    up   a    i 
which   produces  different  conditions  "i 
the   metal   and   the   liquid,   and    tin     metal   eitli 
lower  <>r  a  higher  electrical   potential  than  the  lit 


it  »s  immersed,  according   to  the  nature   ol  the 
:  the  liquid. 
Cell. — Now,  if  two  different  metals  or  el  are 

there  in  a  difference  ol  poten- 
produced   betwet  n    these   two 
and  if  wi  Id  join  them  by  a  wire 

I   the  ele  oi   liquid,  a  current  of  elec- 

this  wire  ft th<    metal  moal 

'•■  ihi  i ;  '"  the  one  least  acted  upon 

.  elements  and  the  electa  Jj  li 
what  is  known  as  a  simple  electrical  cell,  and  such 

■Mt  miii  ms  current  of  clcc- 
•  :  from  its  discoverers,  a  simple  voltaic  or 
vanic 

Such  a  cell  consi-;  iall)   ol  a  vessel  contain- 

isline  01  acidulated  watei   in  which  arc  suhmerged 

of  dis-similar  metals,  or  ow  metal  and  a  mi  ta- 


Action  of  a  Simple   Cell. — The  action   of  a    simple 
as  follow.'      1 1  in  a  glass  jar  partly  tilled 
t  little  sulphuric  01  othct  diluti  acid  is  added 
if   /me   ;iiid   one   of   copper   is   placed. 
'II  at  once  set    up  from   the  action  of 
plate,  producing  a  diffi  n  nee  of  elec- 
il  potential  th<   two  plates,  causing  the  cur- 

■    from  tl  ■•  one  ol  higher  potential  to  the  one 

electrodes  arc  con- 
wire,  there  will  be  a  continuous  flow  of  clcc- 
currcnt  from  the  submerged  end  of  the  zinc  plate 
ugh  the  liquid  to  the  submerged  end  ol  the  copper 
rom  the  exposed  end  of  the  eoppei  plate 
i'ji  the  wire  to  th<  exposed  end  of  the  zinc  plate. 
Chemical    Reaction.— Tin     chemical    reaction   which 


I 


1  he  hydrogen  is  gives  "H  as  a  gas  irom  the  I 
ing  tin  zinc  sulphate  in  solution,    This  a 
as  long  as  the  current  flows,  which  depend 
amount    of    current    flowing.     The    zinc    gra 
solves  in  the  liquid,  forming  a  solution  of  zir 

I  his  chemical  action  ceases  when  the  lii|ti 
contains  anj  acid,  or  when  the  sine  has  b 
The  spent  liquid  must  then  be  replaced  wit 

lOlution,  and   a   new  piece  of   zinc   substitute) 

Polarization. — One    great    objection    to 
voltaic  cell,   is  that  the  current  proi 

<n  :r-i  •-   m   strength   after    the  circuit    1 1  rt  —   lie. 

a   ihort  time.    This  is  due  to  the  colli 
bubbles  upon  the  surface  of  the  copper  plan 
vent  the  direct  contact  of  the  copper  plate 
citing   fluid,    and    m    tins   way   the  effective 
plate  is   reduced,  ami  proportionately,  the 

limit.     This  also  greatly  increa- 
sistance  of  the  battery,  thus  decreasing  the 
current. 

This    accumulation   of   hydrogen    bubble 
polarization,  and  the  cell  is  said  to  become  p 

Depolarization. —  This    consists    of    redu< 
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int. — The  electrical  current  produced  is  a  con- 
ns current,  but  of  low  voltage  or  pressure,  and  cap- 
of  doing  but  little  useful  work. 
ttery. — To  increase  the  strength  of  the  current. 
tolls  are  joined  together  and  are  then 
a  battery.     The  Strength  of  the  battery  is  almost 
ly  proportional  to  tin   number  of  cell*  or  elements 
ich  it  is  composed. 

esc  different  cell's  can   l»    connected   together  in 

different  ways  in  forming  a  battery;  (i)   by  the 

method,  as  shown  in  Fig.  236;  (2)  by  the  parallel 

multiple  arc  method,  also  shown  in   Fig.  236.  or,  (3) 

multiple-series  method, 

Series. — Cells  are  connected  in  series  when  the  post* 

electrode  of  one  cell   is  connected  to  the  negative 

irode  of  the  second  cell,  and  the  positive  electrode 

1  I     ill  is  ■  onnected  to  the  negative  electrode 

liird  cell;  continuing  in  this  way  for  all  the  cells 

:lir  battery. 

Parallel. — ("ells  arc  connected  in  parallel,  or  multi- 
^lf-are,  when  all  the  positive  electrodes  of  the  cells  are 
btanected  to  one  main  positive  conductor,  and  all  the 
tegative  electrodes  are  connected  to  one  main  negative 
(ndactor 

Multiple-Series. — Cells  are  connected  in  multiple- 
|tne«  when  arranged  in  several  groups,  each  group  be- 
»g  composed  of  several  cells  connected  in  series,  and 
ken  all  the  groups  being  connected  in  parallel,  or  rnulti- 
Ife-arc. 

While  the  quantity    .1  the  electricity  which  is  gen- 
Ifitrd  is  tli  in   ii'  li  of  the  methods  of  connecting 

fct  cells,  the  effects  resulting   therefrom  are  quite  dif- 
Itrmt. 

Th<  inection  gives  a  high  electrical  pre*- 
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Sure  OT  voltage,  and  a  small  volume  of  current,  or  aro- 1 
perage;  while  the  parallel  connection  gives  a  low  ele 
trical  pressure  or  voltage,  and  a  large  volume  of  current 
or  amperage. 

The  combination  of  these  two  methods  of  connect- 
ing  cells,  that  is  the  multiple-series,  gives  a  higher 
tential  and  a  stronger  current  than  is  possible  to  obt 
from  any  one  cell  of  the  groups  of  cells. 

Construction  of  Cells. — Instead  of  using  cop] 
zinc  other  dis-sinjiUr  substances  can  he  used  to  produ 
in  electrical  current,  and  instead  of  using  one  electro- 
lyte, two  or  more  different  electrolytes  can  he  used.  In 
this  way  a  number  of  different  cells  for  producing  dif- 
ferent electrical  currents  arc  constructed,  each  adapted 
to  its  special  class  of  work. 

In  order  to  understand  the  action  of  an  electrical 
current  and  its  effects,  the  following  definitions  of  the 
terms  used  in  electrical  work  must  he  first  fully  under 
stood. 

Positive   and   Negative. — An    electric   charge   devel- 
oped   upon    glass    1>\     rubbing    it     with    silk,    has    been 
termed  for  convenience  a  positive  { -i  i  charge,  and  thai 
developed  on  resinous  bodies  by  rubbing  with  flannel 
fur.  a  negative  ( — )  charge.     By  the  word  n  we 

mean  electrification   produced   in    resin   by    fricti 

All  electrical  charges  have  both  a  negative  and  » 
positive  charge  in  them,  irrespective  of  the  v. 
charge  is  produced.  Electrified  bodies  with  similar 
charges  are  repelled  by  each  other,  while  electrified 
bodies  with  dissimilar  charges  are  attracted  by  each 
other.  Therefore,  when  two  positive  or  two  negative 
charges  arc  brought  together,  they  repell  each  other,  but 
when  a  positive  and  negative  charge  are  brought 
gether,  they  attract  each  other. 
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Electric  Scries.— The  following  substances  are  ar- 
Bnged  in  such  order  that  each  receives  a  positive  charge 
»ien  rubbed  or  placed  in  contact  with  any  of  the  bodies 
blowing  it,  and  a  negative  charge  when  rubbed  with 
iy  of  those  which  precede  it. 

i.  Fur.  9.  Wood. 

2.  Flannel.  10.  Metals. 

3.  Ivory.  11.  Sealing-wax. 

4.  Crystals.  12.  Resins. 

5.  Glass.  13.  Sulphur. 

6.  Cotton.  14.  Guttapercha. 

7.  Silk.  15.  Guncotton. 

8.  The  body. 

For  instance,  resins  when  rubbed  with  fur  receives 
negative  charge,  but  when  rubbed  with  sulphur  re- 
ves  a  positive  charge. 

Electrodes. — These  are  the  plates  of  metal  or  other 
)stance  immersed  in  the  liquid.  The  zinc  plate  is 
led  a  generating  electrode,  and  the  other  plate  the 
iducting  electrode.     In  the  simple  cell  thus  described, 

zinc  plate  forms  the  positive  element  of  the  cell, 
ile  the  copper  plate  becomes  the  negative  element. 

Poles. — The  poles  of  a  battery  are  the  parts  of  the 
ctrodes  which  project  out  of  the  liquid.  They  are 
tinguished  from  each  other  by  the  sign  (+)  for  the 
iitive,  and  ( — )  for  the  negative.  The  term  pole,  or 
minal  as  it  is  often  called,  applies  to  the  ends  in  any 
ctric  circuit. 

Electrolyte. — The  electrolyte,  or  exciting  fluid,  is 
:  liquid  which  acts  upon  the  plates  or  electrodes  placed 
it,  and  produces  a  current  between  the  two  plates  and 
:  wire  joining  them, 
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8. 

Antimony. 

9- 

i  !i  ipper. 

IO. 

Silver. 

n. 

Goia: 

12. 

Platinum. 

'3- 

hitc. 

Electromotive    Series. — Tin-    following    list    of 

mints  compose  what  is  called  the  electromotive  s 

i.     Zinc. 

2.    Cadmium. 

3-  Tin. 

4.  Lead. 

5.  Iron. 

6.  Nickel. 

7.  Bismuth. 

Any  two  <>f  these  metals  produce  a  difference  c 
tcntial   when   submerged    in    saline   or   acidulated   v 

the  one  standing  first  on  the  list  being  the  positive 
ment  or  plate  and  the  Other  the   negative. 

Classes. — Batteries  are  divided  into  two  class* 
cording  to  the  nature  of  work  required  to  he  doni 
the  electricity  produced,  being  viz.:  (1)  open  c 
batteries;  (a)  closed  circuit  hatterics. 

Open  Circuit  Battery. — This  battery  is  so  con* 
ted  as  to  maintain  a  current  that  will  not  run  do» 
exhaust  itself  when  left  on  an  open  circuit 

This  is  the  most   common   form  of  batl 
used  for  telephones,  electric  bells,  annunciator*,  etc 

Leclanche  Cell. — This  is  a  typical  open  circuit 
and  is  constructed  as  follows. 

Construction. —  A  rod  of  zinc  forms  the  positiri 
ment.  The  negative  element  i-  contained  in  a  sep 
jar  of  porous  earthenware,  and  consists  of  a  rod  ol 
bon  surrounded  with  powdered  carbon  and  peroxi 
manganese.  The  cell  is  almost  filled  with  a  BolOtl 
sal-ammoniac  and  water. 

Upon  closing  the  circuit  outside  the  cell,  the 
combines  with  the  chlorine  ami  the  sal-ammoniac,  an 
crates  hydrogen  gas  and  ammonia. 
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lydrogen  also  appears  at  the  carbon  plate,  the  per- 
of  manganese  giving  off  its  oxygen  to  combine 
the  hydrogen  to  form  water,  H20.  In  this  way  the 
arizing  takes  place  when  the  cell  is  not  discharged 
gh  too  low  a  resistance. 

ihould  a  Leclanche  cell  be  worked    too    rapidly,    it 
then  be  allowed  to  rest  so  as  to  permit  the  mangan- 
me  to  work,  and  the  cell  to  be  thus  recuperated, 
'lie  E.  M.  F.  of  a  Leclanche  cell  is  about  1.45  volts, 
its  current  varies  from  one  ampere  upwards,  ac- 
lg  to  the  resistance  of  the  cell, 
"he  resistance  may  be  decreased  by  using  a  sheet 
ic  bent  around  the  porous  pot,  or  by  making  the 
ive   element   in  a  compressed  form,  so  as  to  dis- 
with  the  use  of  a  porous  pot. 
!*he  Daniell  Cell. — This  is  a  typical  closed  circuit 
and   is   usually  called   a  gravity  cell,  or  a  gravity 
;11  cell,  owing  to  the  principle  upon  which  it  oper- 
being  the  difference  of  the  weight  in  the  two  elec- 
tic  liquids. 

Construction. — A  number  of  thin  leaves  of  copper 
laced  in  the  bottom  of  a  jar,  and  sulphate  of  copper 
al  poured  over  them. 

\  zinc  block  is  hung  from  the  top  of  the  jar,  so  as 
avc  a  space  of  a  few  inches  between  it  and  the  cop- 

'  I 

Water  is  then  poured  in  the  jar  with  a  little  sul- 
c  of  zinc,  or  a  few  drops  of  sulphuric  acid,  to  hasten 
iction. 

The  action  of  the  cell  rests  upon  the  sulphate  of 
er  liberating  its  sulphuric  acid,  which  is  deposited 
ipper  on  the  copper  plate.  The  sulphuric  acid  thus 
ated  attacks  the  zinc,  forming  zinc  sulphate,  the 
us  cup  protects  the  zinc  from  the  copper  sulphate 
ion,  and  this  solution  prevents  the  hydrogen  from 
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accumulating  about   the  copper.      The   hydrogen  unsi 
chemically  with  the  copper  sulphate,  forming  sulpha 
acid  and  free  copper.     The  free  copper  is  thei 
upon  the  outside  copper  portion.     The  chemical  reactit 
is  reprirsi  nted  as  follows: 

H,  4-  CuSO,  he  H.  SO,  4-  Cu. 

This  cell  is  much  used  in  telegraphy  being  very  con- 
stant in   its  action,  as  no  polarization  can   lake  place 
long  U  the  COppet  sulphate  solution  is  saturated. 

It  is  called  a  gravity  cell  owing  to  the  COp| 
ph. lie  solution  remaining  at  the  bottom  of  the  jar,  an 
the  /inc.  sulphate  solution  at  the  top,  the  line  oi  di 
being  .strongly  marked. 

The  K.  M.  F.  of  a  gravity  Daniell's  cell  '  oat 

volt,  its  current  flow  being  from  one  to  two  amperes. 

Primary  and  Secondary  Cells. — A  primary  cell  as 
seen  above,  is  one  in  which  the  electric  energ 
duccd  by  the  chemical  action  on  the  plates  of  the  cell. 
and  which,  when  the  solution-,  or  plates  are  exhausted, 
are  not  restored  to  their  original  condition  by  the  pas- 
sage  of  an  electric  current.  MmOSl  all  primary  cell 
will  act  more  or  less  perfectly  as  secondary  or  storag 
cells. 

Circuit. — A  circuit  i--  a  path  composed  of  a 
ductor,  which  is  usually  copper  wire,  through  which 
electric  current  flows  from  a  given  point  around  through 
the  conductor  back  again  to  the  Mailing  point  There 
is  no  actual  flow  of  the  current,  for  there  is  no  transfer 
of  matter  or  particles.  A  conductor  carrying  a  curreni 
presents  the  same  appearance  as  one  not.  the  only  mani- 
festation being  the  heating  of  the  conductor,  should  the 
capacity  of  the  wire  be  too  small  for  the  current  carried- 
The  flow  of  tin  current  i-  caused  by  the  difference  of 
potential,  and   the  greater  the  amount  of  potential  & 
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erence,  t!>e  greater  is  said  to  be  the  pressure  or  electro- 
motive force,  usually  written  K.  M.  F..  or  voltage  which 
causes  the  flow.  The  strength  of  the  current  flowing 
through  the  conductor  depends  directly  upon  the  amount 
of  this  electromotive  force,  and  also  upon  the  amount  of 
the  resistance  to  the  flow.  If  the  circuit  is  short  and 
composed  of  good  conductors,  the  current  will  be  much 

tiger  than  if  it  were  long  and  composed  of  poor  con- 
ductor^ 

Grounded  Circuit. —  \  circuit  in  which  the  earth,  or 
ground,  forms  part  of  the  circuit  is  called  a  grounded 
circuit. 

External  Circuit. — The  external  circuit  is  that  part  of 
*  circuit  which  is  outside  or  external  to  the  generator 
M  nthcr  source  of  supply. 

Internal  Circuit. — The  internal  circuit  is  that  part  of 
i  circuit  which  is  included  01  within  the  generator,  or 
other  soun  e  of  supply. 

Magnetism. — Substances  which  have  the  property 
ftl  attracting  pieces  of  iron  or  steel  arc  called  magnets. 
A  material  possessing  this  property  was  first  found  at 
Magnesia,  in  Asia  Minor,  which  fact  led  to  all  sub- 
nances  possessing  this  property  being  called  magnets. 

Natural  Magnets. — The  natural  magnet  is  an  oxide 
I  iron,  called  lodestone,  and  is  found  widely  distribu- 
ted in  different  parts  of  the  world. 

Artificial  Magnets. — When  a  bar  of  hard  steel  is 
rubbed  with  a  lodestone.  the  steel  will  acquire  some  of 
the  properties  of  the  magnet,  and  can  be  used  as  a  mag- 
long  as  it   retain^  those  properties. 

When  such  magnets  retain  their  magnetism  for  a 
long  time,  they  are  then  called  permanent  magnets. 

In  Fig.  2l6  (2)  is  shown  a  common  form  of  a  per- 
manent  magnet.    It  consists  of  a  bar  of  steel   bent  into 


1.  Poles  of  Magnet.    2.  Horse  Shot-  Mncnrt.     3,  Magnetic  Fir 
4.  Opposing  Magoetli    I 
Fig.  216. 
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the  shape  of  a  horse  shoe,  and  then  hardened  and  mag- 
iietizcd.  A  piece  of  soft  iron,  called  an  armature,  is 
placed  across  the  two  ends  of  the  horse  shoe  which  as- 
sists in  preventing  the  steel  from  losing  its  magnetism. 

This  Hi  only  one  of  the  many  forms  into  which  a 
permanent  magnet  may  be  made. 

In  the  pig.  _>]<)  (ii  is  shown  ;t  bar  magnet  which 
has  been  dipped  into  iron  fillings,  It  will  be  noticed 
that  the  fillings  cling  to  it  in  great  numbers  at  the  two 

ends  of  the  bar,  but  there  arc  but  few  attracted  to  the 
middle  of  the  bar.  The  ends  of  the  magnet  where  the 
attraction  is  the  greatest,  arc  called  the  poles,  and  the 
of  the  magnet  where  there  is  no  apparent  magnetic 
i.  is  called  the  neutral  zone. 

An  imaginary  line  shown  through  the  centei  ot  the 

gnct  from  one  end  to  the  other  end,  connecting  the 
poles,  is  called  the  axis  of  magnetism. 
Compass. —  The   most  common   example  of  a    mag- 
net   is   the  compass  needle.     Such  a  needle,  or  magnet, 
Iways  places  itself  so  as  to  point  north  ami  south,  and 
ime  pole  always  points  to  the  north  and  ih<   othei 
to  tin  south.    The  end  which  pomts  north,  is  called  the 
North  Pole,  and  the  other  the  South  Pole. 

if  the  north  poles,  or  south  poles,  of  two  such  com- 
•  uriiies  be  brought  near  each  other,  thej   will  be 

Mpelled,  but  when  the  north  pole  .if  one  needle  is  brought 
near  the*  south  pole  of  the  other,  they  will  attract  i  aCfl 
Other.  This  demonstrates  what  has  been  hcrtoforc 
stuicd.  viz.:  that  like  poles  repel,  and  unlike  poles  at- 
trsct  each  othei  The  earth  is  tin  magnet  which  makes 
the  compass  always  point  north  and  south,  that  is  p. 
wards  the  magnetic  poles  of  the  earth,  which  poles 
"early  coincide  with  the  geographical  north  and  south 
Pole  of  the  earth. 
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A   magnet  always  lias  two  polo,   however 
Hie   particles    into    which    ii  may  be  broken,  and  tl 

|niiv     always  possess  the  same  magnetic  propcri 

Magnetic    Field. — Tin-    space    surrounding    a   maty 
net  in  which  a  magnetic  substance  will  be  at 
or  repelled  by  it.  is  called  the  magnetic  field. 

In    Fig   216    (3)    is   shown    the    magnetic    field  so 
rounding  a  bar  magnet,  which  C  HI  be  seen  by  |>^ 
sheet  of  paper  upon  such  a  magnet,  and  spreading  iron 
filings   evenly   over   the   paper.     By   tapping   the  paper 
lightly  the  fillings  will  form  themselves  into  a  series 
curved  lines  extending  from  one  pole  of  the  magnet 
the  other. 

This  can  be  repeatedly  tried  with  different  inagn 
and  under  different  conditions,  and  it  will  be  found  that 
the  filings  will  always    form  themselves  into  these  wi 
defined  curves  extending  from  one  pole  to  the  Other, 

These  lines  arc  called  lines  of  force,  or  lines  of 
nctic  force. 

Lines   of   Force. — The    formation    Off   these   del 
and  well  defined  lines   indicates  that  the  magnetic  tic 
exerts  its  influence  always  in  certain  fixed  directions. 

Should  two  like  poles,  as  shown  in  Fig.  316 
brought  near  each  other,  then  their  rcpellant  forces 
be  clearly  seen  from  the  direction  of  ih<-  lim 
which  tend  to  move  away  from  each  other.     This  is  a! 
shown  in  Fig.  217  (2). 

All  lines  of  force  arc  assumed  to  pass  out  from  t! 
north  pole,  make  a   complete   circuit  through   the  su 
rounding  medium,  re-entering  the  magnet  through  t 
south  pole,  and  thence  pass  through  the  magnet  to  thm 
north  pole  again. 

These  lines  of  force  during  their  entire  circuit 
shown  in  Fig.  217  (1),  and  also  the  circuit  of  the  lii 


I  Directions  of  Lines  of  Force.    2.  Opposing   Lines  of  Force. 
Fig.  217. 
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of  force  when  the  like  poles  of  two  magnets  arc  brought 
in..:   each  other,  as  seen  iii   Fig.  2ty   (2). 

These  lines  of  force  can  be  traced  by  a  small  coin- 
pass  the  same  as  by  using  iron  filings.  Should  a  com- 
past  he  moved  through  the  magnetic  field,  the  north 
pole  of  the  needle  will  always  point  in  the  direction  of 
the  lines  of  force,  and  the  center  or  pivot  >>f  the 
will  dfsrrihi-  u  |i:.ili,  ot  circuit,  coinciding  with  the  linrt 
of  force. 

Magnetic    Induction. — Ever}    substance   as  soon 
it  becomes  magnetized,  as  well  as  ever;   condui 
electricity,  is  surrounded  by  this  magnetic  field,  and  dm 
action  of  developing  magnetism  in  other  bodies  than  it' 
self  is  called  magnetic  induction. 

In  Pig.  218  (i)  i.s  shown  the  magnetic  whir: 
completely  surrounds  every  conductoi  [ring  a  cor- 

real of  electricity. 

In  Fig.  218  (2)  is  shown  these  lines  of  force  form- 
ing a  magnetic  field  around  the  end  of  a  bar  magnet. 

Solenoid. — If  a  wire  be  made  i»t"  a  coil,  and  a  cur- 
rent of  electricity,  be  passed  through  thn  coil  as  show 
in  Fig.  218  (4),  the  coil  partakes  of  all  the  pre 
a  permanent  magnet.     Such  a  coil  is  then  called  a  sole- 
noid.    The  magnetic  field  surrounding  each  turn 
wire,  unites  to  form  one  magnetic  field,  which  sun 
the  entire  coil  similar  to  the  field  that  surrotl 
gle.  bar  magnet,  as  illustrated  in  Fig.  217. 

The    solenoid    will    retain    its    magnetic 
(inly  as  long  as  the  electric  current  thrOOgfa  ,! 

The  direction  of  the  lines  of  force  as  shown  in  the 
illustration  are  the   same  as   those  of  a  perm.Ti 
net.  issuing    fmm  one  end  .-mil  entering  into  the  ort*r 
end  of  the  coil.     If  the  coil  be  suspended  so  as  to 
free  to  turn,  ii  assumes  a  position  such  that 
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point  north  and  south,  and  so  act  like  a  compass  needle. 

The  strength  <>f  the  magnetic  field  of  a  soleno 
varies  with  the  strength  of  the  current  Mowing  throu 
the  coils,  and  the  number  of  turns  of  wire  compoMOf 
the  coils,  it  being  in  direct  proportion  '.-I  same. 

olenoid  thprefon  differs  from  a  permanent  mag- 
net in  thai  its  magnetic  powers  vary,  and  further  in  be* 
ing  under  perfect  control.  Should  the  current 
stopped  altogether,  the  solenoid  instantly  loses  all 
magnetic  properties. 

Electro-Magnets. — As  the  field  .if  a  m  > 
strongest  within  its  windings.  If  we  place  a  bar  of  I 
iron  within  the  coils  as  shown  in  Fig.  218  (3),  this  btf 
or  core  will  become  SI  once  strongly  magnetized,  and 
can  be  made  in  this  way  a  powerful  magnet  \  coi, 
provided  with  such  a  core  is  called  an  electro-magnet. 
This  core  remains  a  magnet  only  while  the  current 
Rowing  through  the  coil,  and  the  instant  the  current 
shut  off,  the  core  loses  all  its   magnetic   properties. 

In  order  to  force   the  current    through  each   turn 
the    wire   its    entire    length,    and    also   permit    it    t. 
closely   wound  around    the  core,   the   wire   is   insulat 
throughout    its    entire    length.      By    being    insulated,  or 
covered  with  some  non-conducting  material  as  silk,  cot 
urn  or  guttapercha,  the  current   is   prevented   From 
short  circuited  or  from  otherwise  being  wasted. 

The  presence  of  the  iron  core  enormously  increasi 
the  Strength  <>f  the  magnetic  field,  and  this  increa- 
tinucs  until  the  iron   core   becomes  saturated   with  t! 
magnetic  lines  of  force,  at  which  point  any  further  in 
crease  in  the  curcnt  will  produce  only  a  slight  increase 
in  the  strength  of  the  field. 

Magnetic  Induction. — We  have  seen  that  all  mag- 
nets arc  surrounded  by  a  magnetic  field,  and  also  tha 
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electric  charge,   will   induce  a  current   of  electricity   in 
>ther  bodies  brought   in   contact   with   them. 

When    a    substance    is    brought    within    a    magnetic 

field,  a  current  of  electricity  is  produced  in  it  the  same  as 

f  it  had  been  brought  in  contact  with  an  electric  charge. 

ilectric    currents    produced    in    this    way   are    called    in- 

uced  currents,   and   by   this   process  of   induction   one 

ly    may    heroine    electrified  or  magnetized  by  simply 

eing  brought  in  the  presence  of  a  magnet,  or  another 

lectrified     body;      the    same    as    a    substance    becomes 

catcd   by  being  brought  near  a  heated   body,  without 

ver    coming    in    contact    with    it.      The    magnetic    field 

,hich  surrounds  the  magnet,  .it    a   wire  carrying  a  cur- 

ent  of  electricity,  can  be  compared  to  ,-i  highly  heated 

which  imparts  its  heat  or  energy  to  everything  in 
the  area  heated  by  it, 

Induced  Currents. — The  induced  currents  of  ,  . 
tricity  arc  usually  produced  by  moving  a  body  across 
a  magnetic  field,  and  thereby  cutting  the  line-,  of  force. 
This  produces  a  current  in  the  conductor  or  moving 
body,  though  it  makes  no  difference  whether  the  mag- 
net itself  or  the  conductor  is  moved,  just  so  the  lii 

irec  which  emanate  from  the  body  arc  cut. 

This  can  1m-  clearly  seen  if  a  magnet  be  quicklv 
thrust  into  a  coil  of  wire,  as  a  momentary  current  will 
be  produced  around  the  wire,  and  this  current  will  con- 
tinue so  long  as  the  magnet  is  kepi   in  motion. 

The  quicker  the  magnet  is  moved  back  and  forth  in 
the  coil,  the  greater  will  be  the  strength  of  the  current 
induced  in  the  coil. . 

Withdrawing  the  magnet  from  the  coil,  produces  a 
flow  of  current  in  an  opposite  direction  to  that  produced 
by  thrusting  it  in  the  coil. 

If  we  join  the  two  ends  of  a  wire  so  as  to  make  a 
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complete  circuit,  and  move  t Hi-,  wife  rapidly  in  front 
a  magnet,  a  current  will  be  induced  in  the  wire 

This  action  of  the  magnet  in   producing   M   mdxKti 
current  in  the  wire,  is  called  electro-magnetic  induction 

Upon    this   property   of   electricity,    which    . 
covered  by   Faraday   in   the  year   1831.  all  dynamo-eke 
trie    machim-rx    is   based,    as    well   as   all    induction  coft 

and  alternate  current  transformers. 

When    a    wire    carrying   a    current   of    «■!■ 
bronchi  near  another  wire  carrying  no  current,  there 
excited    in    the  latter    wire   a   sympathetic    current,  bi 
which  moves  in  an  opposite  direction  to  that  of  il 
rent    in    the    first    wire.      While    tins    current,    which 
called    as   we  have    seen    an    induced    current,    is   irnirii 
weaker  than  the  current   in  the  first  wire,   in   ill 
respects  it  is  exactly  similar,  and  produces  iln    BBK 
fectt. 

Such  induced  currents  are  produced  only  by  »"  il* 
ternating   current,   as    will    be    hereafter    shown.     A* 
uses  are  universal,  in  fact,  are  the  foundation  npOfl  which 
almost   all  applied   electricity   rests,   its   prmc 
be  thoroughly  understood. 

Conductors   and    Non-Conductors. — Conductors  a" 
substances    which    readily   allow   an    electric   current 
pass  from  one  part  of  them  to  another. 

Non-conductors,  or  insulators  as  they  arc  m> 
quently  called,  are  those  substances  which  do  nu 
mit  a  free  passage  of  electricity,  as  they  offer  a  ccrufl 
resistance  to  its  passage. 

For  instance,  one  end  of   a  gla«*  rod  can  ht  ekvrr 
ficd,  and  yel  the  othei   end  remain  wholly  unaffected.  1 
glass  is  a  poor  conductor.     On  the  contrary,  when  ati\ 
metallic  substance  is  charged  with  electricity,  however 
small  may  be  the  charge,  the  electricity  is  at  once  ntii- 


STATIONARY   ENGINEERING. 


683 


Silver. 

Cotton. 

Copper. 

Dry  wood. 

Other  metals. 

Marble. 

Charcoal. 

Paper. 

Water. 

The  body. 

formly  distributed  over  its  entire  surface.  This  is  be- 
cause metals  offer  but  little  resistance  to  the  passage  of 
electricity,  and  hence  are  good  conductors. 

As  all  bodies  offer  a  certain  amount  of  resistance 
to  the  passage  of  an  electric  current,  and  none  entirely 
resist  it,  there  are  no  perfect  conductors,  and  likewise 
no  perfect  non-conductors. 

The  following  list  of  substances  is  arranged  in  or- 
der of  increasing  resistance,  viz.: 

Conductors.       Partial  Conductors.      Non-Conductors  or 

Insulators. 

Oils. 

Porcelain. 

Wool 

Silk. 

Resin. 

Guttapercha. 

Shellac. 

Ebonite. 

Paraffin. 

Glass. 

Air. 
From  this  it  can  be  seen  that  silver  is  the  best  con- 
ductor, and  air  the  poorest.     Air  is  therefore  the  best 
non-conductor  or  insulator. 

Copper  is  chiefly  used  in  all  electrical  work,  as  it  is 
not  only  one  of  the  best  conductors,  but  also  one  of  the 
most  ductile  and  strongest,  and  at  the  same  time  the 
cheapest. 

Transmission. — Electricity  is  transmitted  over  the 
surface  of  a  body,  and  not  through  the  interior,  as  is 
heat  and  light.  The  interior  of  a  conducting  body  can 
be  made  hollow,  or  even  filled  with  a  non-conducting 
material,  and  it  will  have  no  effect  upon  its  conductivity. 
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Electrical  Measurements. — The  four  principal  n 
used  in  the  measurement  of  a  current  of  electricity  are: 

The  Ampere,  or  the  unit  denoting  the  rate  of  flow 
■  if  the  current,  or  its  strength. 

The  Volt,  or  the  unit  of  electrical  potential,  or  pres- 
sure. 

The  Ohm,  or  the  unit  of  resistance. 

The  Watt,  or  the  unit  of  power,  and  is  obtained  bj 
multiplying  the  current  by  the  voltage,  or  by  multiplying 
the  square  of  the  current  by  the  resistance. 

For  large  unit!  the  term  kilowatt  is  used,  whicl 
equal  to  i ,ooo  watt^.  the  abbreviation  being  K.  \V.    The 
kilowatt  hour  is  the  energy  expended  in  one  hour  when 
the  power  is  one  kilowatt. 

Analogy. — The  relation  of  the  first  three  units  can 
be  better  understood  by  the  analogy  often  used  of  the 
flow  of  water  through  a  pipe.  The  fore*  which  causes 
the  water  to  flow  through  the  pipe  is  called  the  head,  o* 
pressure;  that  which  resists  the  flow  is  the  friction  of 
the  water  against  the  pipe,  while  the  rate  of  flow,  i 
rent,  may  he  expressed  in  gallons  per  minute.  N"ow.  as 
the  pressure,  or  head  increases  the  rate  of  flow,  or  cur- 
rent, increases  in  proportion,  but  as  the  resistance  in- 
creases the  current  diminishes. 

In  the  case  of  electricity,  the  electromotive  force,  of 
potential,  corresponds  to  the  head  of  water,  or  pressure; 
and  the  resistance  of  the  conductor,  to  the  friction  of  the 
water  against  the  pipe ;  while  the  strength  of  the  current 
is  the  ratio  of  the  electromotive  force  to  the  resistance 
of  the  conductor.  This  ratio  was  discovered  by  Df 
(  Him,  and  is  therefore  called  Ohm's  law.  and  is  the  foun- 
dation of  applied  electricity,  for  there  is  hardly  a  prob- 
lem in  electrical  work  in  which  it  docs  not  enter. 
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Ohm's  Law.— This  law  is  usually  expressed  alge- 
braically, thus : 

Electromotive  force. 

Strength  of  current  = 

Resistance. 
Volts 

or  Amperes  = j        ; 

Ohms. 
E 
or  C  =  —  as  it  Is  commonly  expressed, 
R 
i  which  C  equals  current,  E  equals  the  electromotive 
3rce  expressed  in   volts,  and   R   equals   resistance,  ex- 
ressed  in  Ohms. 

E 
From  this  formula  is  derived  E  =  CxR,  or  R  =  — 

c. 

hese  terms  all  being  dependent  upon  each  other.     For 
ratts  we  have  the  formula  W  =  E  x  C. 

With  any  two  of  these  terms  given,  it  can  be  seen 
:hat  the  third  term  can  readily  be  found.  As  seen,  the 
current  varies  directly  as  the  voltage  varies,  and  indi- 
rectly as  the  resistance  varies.  That  is,  the  current  in- 
creases when  the  voltage  increases,  and  decreases  when 
the  resistance  increases.  With  the  above  four  formulae 
My  calculation  in  electricity  becomes  most  simple.  For 
instance,  suppose  you  wish  to  find  what  current  will 
few  through  a  resistance  of  3  Ohms,  at  a  pressure  of  6 
•Bits. 

Substituting  in  formula  (1),  we  have  C  (amperes) 
6 
juals  —  =  2  amperes. 

3 
Again,  we  have  a  lamp  the  resistance  of  which  we 
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know   to  b«   i-'  I  »l i :n- .  .ind  wc  arc  using  2  amperes  ol 
current;  what  K,  M,  1'".  (volts)   is  necessary  ? 

Using  formula  (2),  we  have  E  (volts)  equal  2x12 
=  24  volts. 

Suppose  WO  wish  to  know  the  resistance  of  a  wi 
coil  through  which  a  current  of  6  amperes  will  pu 
20  volts  pressure? 

Substituting  in    formula    (3),  we  have  R   (Ohms) 
20 
equal  —  =  3  1-3  <  Hims.     Lastly,  wc  have  a  small 

6 

t<king  -  amperes  at  5  volt  pressure  to  run  it,  how  many 
watts  of  current  docs  it  consume? 

Substituting  in  formula  (4),  wc  have  W  (watt*/ 
equals  2  x  5  =  jo  watts. 

Method  of  Measurements. — To  ascertain  the  amount 
of  current  flowing  in  a  circuit  an  ammeter,  which  is  <l«- 
ignated  in  Fig.  210  as  A.  is  inserted  in  series  in  one  of 
the  mains.  The  whole  of  the  cm  rent  passing  to  the 
lamps  I.,  therefore  must  pass  through  11  and  be  me. 

A  voltmeter,  designated  as  V,  is  connected  acre* 
the  two  main  leads,  or  in  shunt  with  the  dynamo,  and 
therefore  measures  the  difference  of  potential  between 
the  two  mains  in  volts. 

Wattmeter. — Tin's  i-.  an  instrument  for  mcasnrnj 
the  power  consumed  in  a  circuit  supplied  with  a  di 
current,  though  wattmeters  arc  now  made  for  cither 
direct  or  alternating  currents, 

As  electrical  power  is  equal  to  the  product  of  »** 
E.  M.  F.  in  volts  and  the  current  in  amperes,  these  tn* 
factors  must  be  taken  into  consideration  in  the  construe- 
tiotl   Of  BUCh  an   instrument. 

This  instrument   is  used  to  measure  the  eltC 
sold  to  customers,  the  record  being  kepi  in  watt  hou 
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which  is  i  volt  x    by  i  ampere  x  by  i  hour  =  i  watt 

hour. 

Construction  of  Meters. — Volt-meters   are   used   to 

measure  the  potential  difference  between  any  two  points 

in    a    circuit, '  and   are   therefore    connected   across    the 

circuit. 

An   ammeter    is    used    to   measure    the   volume    or 

amount  of  the  current  passing  through  a  circuit,  and  is 

therefore  connected  in  the  circuit  in  series. 

The  principle  of  their  construction  is  the  same  as 
that  of  the  differential  galvanometer,  which  is  an  instru- 
ment for  comparing  two  currents.  The  galvanometer 
consists  chiefly  of  two  separate  coils,  or  two  similar  in- 
dependent windings. 

If  equal  currents  are  passed  through  these  coils,  or 
windings,  in  opposite  directions  there  will  be  no  deflec- 
tion of  the  needle,  but  if  the  currents  are  unequal,  the 
deflection  of  the  needle  will  be  proportional  to  the  dif- 
ference between  the  two  currents. 

Voltmeter.— The  Weston  voltmeter,  which  is  one  of 
the  most  accnrate  voltmeters  made,  consists  of  a  hori- 
zontal permanent  magnet.  Between  the  pole  pieces  of 
this  magnet  is  fixed  a  cylindrical  piece  of  solt  iron,  which 
serves  merely  to  conduct  the  lines  of  force.  A  coil  is 
placed  between  these  poles  and  supported  by  jewel  bear- 
ings inserted  in  fixed  brass  cups.  A  directive  force  is 
given  to  this,  coil  by  two  delicate  springs  fastened  at  each 
end  of  the  coil,  and  made  to  oppose  each  other.  The 
coil  carries  a  pointer  which  swings  over  a  scale  gradu- 
ated in  volts.-  The  current  is  led  to  and  from  the  coil 
through  these  springs,  a  high  resistance  being  connected 
in  series  with  the  coils,  which  permits  only  a  small  part 
of  the  current  to  act  upon  the  coil. 

Ammeter. — There  is  no  difference  in  the  construe- 
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ion  of  an  ammeter  and  a  voltmeter,  except  in  the  re- 
iitancc  of  the  instrument.  In  the  voltmeter,  there 
hould  be  a  very  high  resistance  so  as  to  take  only  a 
cry  small  current  for  its  operation.  In  the  ammeter, 
hich  is  connected  in  Series  in  the  main  circuit,  the  re- 
stance  should  be  as  low  as  possible  so  that  the  energy 
jnsumed  will  be  slight. 

Wattmeter.— This  instrument  consists  essentially  of 
wo  coils  of  insulated  wire,  one  fine  and  the  other  coarse, 
o  connected  in  the  electric  circuit  thai  they  act  upon 
ach  other. 


CHAPTER  XXV. 

DYNAMOS  AND  MOTORS. 

Theory  of  the  Dynamo. — If  a  rectangular  coil  oi 
copper  wire  is  placed  in  the  center  of  a  magnetic  field. 
with  its  plane  lying  perpendicular  to  the  lines  of  force, 
as  shown  in  Fig.  220  (1),  the  coil  will  in  this  position 
enclose  the  greatest  possible  number  of  lines  of  force. 
So  long  as  the  coil  remains  at  rest  in  the  magnetic  field, 
no  E.  M.  F.  will  be  generated ;  but  should  the  coil  be 
rotated  on  its  magnetic  axis,  as  shown  by  the  broken  line, 
and  in  the  direction  indicated  by  the  arrows,  then  the 
coil  cuts  the  lines  of  force  at  right  angles,  and  a  enrrent 
is  at  once  generated.  The  E.  M,  F.  generated  in  the 
upper  side  will  cause  the  current  to  flow  from  left  to 
right,  and  in  the  lower  side  of  the  coil  from  right  to  left, 
thus  making  a  complete  circuit  of  the  coil. 

Should  a  voltmeter  be  connected  to  the  two  ends  of 
the  coil,  as  shown  in  this  diagram,  the  E.  M.  F.  gener- 
ated in  the  coil  will  be  indicated  by  the  deflection  of 
the  index  needle. 

As  the  current  flows  towards  the  lower  terminal  of 
the  coil  where  it  is  connected  to  the  voltmeter,  and  from 
thence  out  on  the  external  circuit,  this  terminal  becomes 
the  positive  pole  or  terminal,  while  the  upper  end  of 
the  coil  becomes  the  negative  pole  or  terminal,  »> 
through  this  coil  the  current  returns  to  the  coil  aft«r 
completing  the  entire  circuit. 

If  the  speed  of  rotation  is  kept  constant  through' 
out  each  revolution,  the  voltmeter  will  show  the  E.  » 
F.  becomes  greater  as  the  coil  revolves  from  its  verti' 
cal  position,  and  it  continues  to  increase  until  the  coil 
reaches  the  plane  parallel  to  the  lines  of  force,  which 
will  be  when  it  reaches  one  quarter  of  its  revolution,  at 
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which  point  the  coil  cuts  the  lines  of  force  at  right  an- 
gles, and  the  E.  M.  F.  will  therefore  be  at  its  maximum. 

From  this  point  the  E.  M.  F.  declines  until  the  coil 
reaches  one-half  of  its  revolutions,  when  it  again  is  in  : 
vertical  position,  and  again  the  E.  M.  F.  will  be  at  it* 
minimum. 

During  the  next  quarter  of  its  revolution,  that  i< 
from  the  position  of  one-half  of  a  revolution  to  that  oi 
three-quarters,  the  E.  M.  I".  ag;iin  rises  until  it  again 
reaches  it-,  maximum  when  tin-  coil  is  at  a  point  three- 
quarters  in  its  revolution,  when  it  again  declines  until 
it  is  at  zero  at  end  of  the  revolution. 

Thus,  the  increase  and  decrease  of  the  E.  M.  F.  will 
continue  throughout  each  revolution  of  the  coil, 

Electric  Generator. — This  apparatus,  which  is  the 
simplest  form  of  an  electric  generator,  demonstrates  thr 
principles  first  enunciated  by  Faraday,  as  follows: 

"When  a  conductor  is  moved  in  a  field  of  magnetic 
force  in  any  way  so  as  to  cut  the  lines  of  force,  there  is 
an  electromotive  force  produced  in  the  conductor,  »  » 
direction  at  right  angles  to  the  direction  of  the  motion, 
and  at  right  angles  also  to  the  direction  of  the  ft 
force,  and  to  the  right  of  the  lines  of  force,  as  viewed 
from  the  point  from  which  the  motion  originates." 

The  rise  and  fall  of  the  E.  M.  F.  during  one  com 
plctc  revolution  of  the  coil,  can  be  graphically  shown  by 
means  of  cross-section  paper,  as  illustrated  in  Fig.  M' 
(2).  The  horizontal  divisions  represent  equal  interval" 
of  time,  and  the  sum  of  these  divisions  is  the  total  time 
required  by  the  coil  in  making  one  complete  revolution. 
The  vertical  divisions  represent  the  K.  M.  F.,  and  the 
sum  of  these  divisions  is  the  total  E.  M.  F.  that  is  b 
generated  in  the  coil  in  passing  through  each  comr 
revolution. 
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In   Fig.  220  (2i   is  shown  this  coil  with   r. 

connected  lo  collecting  rings  upon  which  two  bnishc 
made  of  two   copper  strips,  arc  made  to  bear, 
which  brushes  the  external  circuit  i->  connected     In  thw 
way  tin-  I-!.  M.  I',  that  is  generate.]  in  the  coil  flows  out 
Mid  over  the  entire  external  circuit  through  the  positive 
brush,  returning  through  the  upper  <>r  minus  hi 
coil. 

In  Fig.  22i  is  shown  two  such  coils  being 
coil  sending  ol't  >,s  current  the  same  as  done  b) 

As  seen    from   this  diagram,  tin-  current  alte 
from  one  direction  to  tin-  opposite  direction  durini 
revolution  of  the  coil,  being   first  abov<    the  axis,  .»r  mi.!- i 
die   line  as  shown   in   the  diagram,  and   t>  w  t hi*  | 

line,  which  shows  that  all  currents  when  generated, 
alternating  currents. 

In   Fig.  224  is  shown   the  ordinary   type 
ator.  on  which  can  be  seen  the  location  of  the  <■ 
tato*. 

Commutator. — Should     these     collecting     ring?    b« 
made  in  two  halves  or  segments,  instead  of  ;i 

and  each  segment  connected  t e  end  "f  (In 

iln-M'  -..-in. mi-  insulated  from  each  other,  then  < 
longer  called  a  collecting  ring,  hut  a  commutator. 

The  1  .uriic.se  of  ;i  commutatoi  is  i..  change  the 
of  the  current,  so  that  it  will  always  flow  in  the 
direction  through  the  external  circuit,  that  is.  it  rectifies 
the  current  so  as  to  make  it  a  direct  current  instead  oj 
an   alternating  current. 

Operation. — When  the  coil  is  in  a  vertical   position 
both  brushes  rest  against  both  segment*,  but  as  - 
the  coil   starts  on   tin-    first    half    of    its    rcvohit:< 
minus  brush    rubs  against  only   one  segment,    an. I 
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brush  through  which  the  current  goes  out  on  the 
tint,  rests  against  the  other  segment. 
We  have  seen  how  the  current  in  the  coil  flows'  in 
*»  directions  during  each  revolution.  As  the  coil  ro- 
ates,  the  E.  M.  F.  gradually  decreases  until  when  it 
eaches  oo  degrees,  or  the  end  of  the  first  one-fourth  of 
Is  revolution,  the  E.  M.  F.  is  zero.  At  this  point  the 
cgments  are  located  so  that  the  brushes  are  about  to 
reak  contact  with  one  segment  and  make  contact  with 
le  other.  Further  rotation  induces  an  E.  M.  F.  in  the 
pposite  direction,  but  the  segments  have  then  passed 
om  one  brush  to  the  other,  and  the  direction  of  current 
the  external  circuit  therefore  remains  unchanged. 

In  Fig.  221  (3),  is  shown  a  diagram  of  a  direct  cur- 
ut,  that  is,  the  current  as  it  flows  over  the  external  cir- 
lit  when  it  is  rectified  by  the  use  of  a  commutator.  It 
ill  be  seen  from  this  diagram  that  the  curve  is  entirely 
K»ve  the  middle  line  of  the  diagram,  and  therefore  the 
irrent  flows  always  in  the  same  direction. 

ENERAL    CONSTRUCTION     OF    A    WESTERN 
ELECTRIC  COMPOUND  GENERATOR. 

Frame. — The  cross-section  of  generator  frames 
mst  be  sufficient  not  only  from  the  magnetic  flux  that 

is  intended  to  care  for,  but  must  also  be  of  such  form 
nd  section  as  to  insure  perfect  mechanical  stability. 
n  larger  generators  mechanical  considerations  demand 

form  and  size  of  section  other  than  would  be  neces- 
ary  by  the  requirements  of  the  magnetic  flux.  It  is 
or  this  reason  that  larger  generator  frames  are  of  cast 
ron,  while  in  the  smaller  ones,  where  the  section  neces- 
sitated by  the  requirements  of  the  magnetic  flux  is 
feater  than  would  be  necessitated  by  mechanical 
strength,   a   special    material   of   high    magnetic   pcrme- 


Generator  Showing  Commutator. 
1.  Commutator.      2.  Casing.      3.  Shaft  and  Bearings.      4.  BaM 
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ility  l;-  used.  Uy  reason  of  this  construction  the  best 
Suits  are  obtained  with  a  minimum  weigh!  of  material. 
In  their  standard  construction  the  frame  is  divided 
sitically,  which  permits  drawing  the  yoke  apart  hori- 
»ntally.  allowing  the  armature  to  be  inspected  or  re- 
eved, it  is  also  a  great  advantage,  d  plants 
limited  distance  between  Hoor  and  ceiling  as  the 
aim-  can  be  easily  handled  without  access  to  cranes  or 
ler  lifting  devices.  In  Fig.  235  is  shown  a  generator 
iih  the  frame  withdrawn,  shoi  Ids  and  armature. 
The  method  of  bolting  the  frame  to  the  extended 
iginc  sub-base  allows  adjustment  both  horizontally 
«d  vertically,  insuring  a  uniform  air  gap  and  a  perfectly 
klanccd  magnetic  field,  conditions  necessary  to  obtain 
i«  best  operation  of  a  generator.  On  account  of  lim- 
ed   width   of   engine    room    it    is  Sometimes    impossible 

•  make  use  of  tin-  vertically  divided  frame  construe9 
On;  a  horizontally  divided  yoke  is  then   used. 

Pole  Pieces. — In  generators  having  solid  pole  pieces 

•  ere  is  a  considerable  loss  due  to  the  eddy  currents  in 
ir  pole  tips.  This  results  in  material!)  reducing  the 
Hciency  of  tl  with  the  consequent  increase  in 
ic  temperature  of  the  pole  rips,  To  eliminate  as  much 
t  possible  these  wasteful  currents,  the  laminated  pole 
•ece  construction  is  adopted,  the  pole  pieces  being  built 
p  of  thin  sheets  of  thoroughly  annealed  mild  steel,  the 
krious  sheets  being  both  bolted  and  riveted  together, 
ig.  226  shows  1. in   of  the  separate  pole-piece  sheets  and 

.  pole  piece  assembled  ready  to  be  placed  in  the 
amping  plate  which  is  used  in  the  proems  of  molding 
he  metal  of  the  frame  is  poured  around  the  outer  and 
iggcd  ends  of  the  pole  pieces.  By  this  construction  an 
rea  of  magnetic  contact  between  the  pole  pieces  and 
he  frame  is  obtained  which  is  nearly  three  times  gi 
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i.iiin  possible  area  i  t  the  bolted  pole-piece 
action       In  .        lii  n   :>>  this  a   partial  weld  is  ob- 

an<  I  the  yoke.     By  these 

ined,     In    magnetic  resistance  of 

v   reduced    lo  tin-   Inv  >    point  and   the 

ual   magnetic  distribution,    with  the 

sparking,  is  much  less  than  would  be  obtained 

(ruction. 

tile  the  usual  methods  employed  in  building  gi  n 

lu    pole  pieces  east   integrally  with  the 

mil.  in    tin-   finished   product    of  variations  in 

chanical  placement  <>f  tin-  pole  pieces,  the  method  il- 

Iratcd  for  assembling  and  holding  the  pole  pieces  in 

ce  during   the    pr>  molding,   has    been    found 

eatirely  eliminate  this  difficulty,  and   U  stated  above. 

re  at  the  same  time  a  better  mi  chanical  and  mag- 

lint  than  would  be  possible  in  a  generator  having 

pole  pieces  bolted  t->  the  frame.     In  order  to  assure 

similarity  of  the  pole  tips  of  all  pole  pieces,  a  eon- 

uuiform   magnetic  distribution   and 

each  tip  is  machined  to  a  standard 

piece  -  an    ca:  i   into  the  frame. 

Field  Coils. — In    the  standard   construction  of  these 

Is  a'  the  shunt   and   •-erics  field 

[though    separately    wound    and    insulated,    are 

iunte'  le   metallic    -| I      Thi-   method  has 

rentage  of  the  additional   mechanical   protection, 
ucilitati  iily    the    shipment    but  also  the 

lulling  of  the  coils  during  erection 

Armature  Cores. —  The  armature  is  of  the  iron-clad 

ihown  in   Fig.  228.     In  order  that  it  may  have 

ntnimum  loss  the  armature  core  is  made  of  thin  discs 

doubly  annealed   sheet    steel.     After    the   slots   have 

M  carefully  punched  in  the  periphery  of  these  discs. 
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the  final  annealing  is  given.  By  this  method  any  hard- 
ening effect  caused  by  the  punching  of  the  slots,  is  re- 
moved. Radial  ventilating  spaces  are  provided,  which 
connect  with  horizontal  openings  in  the  armature  center, 
allowing  a  thorough  system  of  ventilation.  The  smaller 
armatures  arc  built  up  of  continuous  rings,  while  in  the 
larger  ones.  00  account  of  the  difficulty  of  obtaining  iron 
in  sheets  sufficiently  large,  the  method  of  building  in 
segments  has  been  adopted. 

Winding  Armature, — In  winding;  the  armature,  as 
shown  in  Fig.  2A>,  solid  bars  of  specially  drawn  copper 
are  used.  I  lu  coils  arc  enlarged  in  cross-section  at  the 
ends  of  the  armature,  Fig.  230.  thus  obtaining  a  very- 
low  armature  resistance  and  a  consequent  gain  in  t-ffi- 
ciency,  while  all  the  advantages  <>f  a  solid  bar  winding 
arc  secured.  This  results  in  higher  efficiency  and 
lower  temperature. 

The  bars  arc  formed  into  coils  before  being  placed 
on  the  armature  so  that  when  complete  a  perfectly 
symmetrical  and  balanced  winding  is  secured,  as  shown 
in   Fig.    231.     They    are    insulated    individually    and    in 

groups,  the  insolation,  as  well  u  the  bar  itself,  being 

continuous  from  segment  to  segment  of  the  commutator. 
At  the  various  steps  in  the  insulation  process  the  bars 
•ire  immersed  in  insulating  compound  and  thoroughly 
baked .  An  illustration  of  the  armature  core  prior  to 
placing  the  coils  thereon  is  shown  in  Fig.  228.  The 
shape  of  the  slot  and  the  notches  near  the  top  of  the 
s'ot  permit  of  retaining  the  coils  in  place  by  means  of 
fibre  wedges.  In  addition  t..  these  wedges,  on  the 
smallcr  sizes  the  coils  arc  held  in  place  at  the  pulley  or 
engine  end  of  the  armature  by  a  brass  ring  extending 
°ver  and  clamping  the  ends  of  the  coils,  giving  the  arm- 
ature   the   appearance   as    shown    in    Fig.    23-'.     In   the 
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*i  is  not  used  but  a  finishing 

pll  iic  pulley  or  engine  end  of  the  arm- 

and  band  wires  arc  used  on    that  pott  ion  of  the 

m    winding  lying  outside  of  the  armature  core. 

le  armat'  being  built  up  in  this  way  and 

\g    the    commutator   and    armature    winding 

in  positit  n.  may  then  be  mounted  on  the  engine 

irnmutators. — the     commutators    are    of    a    very 

uction,    enabling  them   to  withstand   strains 

■n  and  centrifugal  force. 

made  of  the  •  :  drawn  copper, 

i  em   rolled  copper  tangs.     These 

asulated  from  each  other  by  specially  pre- 

ii  ni  degree  of  hardness  to  produce  a 

i  wearing  surface.     In   all  but   the  smaller  sires 

M  a  cast-iron  center  from 

hej  are  d  by  mica.    The  completed  com- 

i  in.  muted  upon  the  extended  hub  of  the 

center,   thereby   permitting   it    to  be  removed 

ic     armature  >ut   disturbing     the   armature 

\  thorough  system  id  ventilation  is  provided 

•  mtal  air  ducts.     In  the  -mailer  sizes, 

i  thai  this  ventilation  may  bi  obtained   il  is  neces- 

immutator  center  integrally  with  the 

re  renter.     The  Segment  *  are  then  mounted  in  the 

This  construction   docs  not 

>f  the  removal  of  the  commutators  from  the  arma- 

itcr,  but  as   the   total  weight  of  the  completed 

tres  in  the  sizes  in  which  this  construction  is  used 

II,  in  case  of  accident  the  complete  armature  may 

died  without  any  difficulty. 

itsh  Holders. — Fig  :.'..<,  Sllustrati     the  brush  holder 
and  shifting  device.     FCach  set  of  brush  holders 
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.i>untcd  upon  a  brush  holder  arm  supported  from  a 
eircular  ring.  This  ring  is  carried  ill  supports  projecting 
from  the  yoke,  the  entire  device  being  moved  around 
the  corarautatoi  bj  mean!  i  hand  wheel  at  the  side  of 
the  machine.  It  will  be  readily  seen  that  this  arrange- 
ment gives  an  extremely  stable  construction. 

The  brush  holders  are  designed  so  that  the  brushes 
nay  be  moved  in  a  direction  radial  to  tin  surface  of  the 
commutator.  Each  brush  is  held  firmly  in  a  clamp  in 
inch  a  manner  that  the  current  does  not  pass  through 
toy  sliding  contacts. 

■  current  is  conducted  from  the  damp  through 
copper  strips,  thus  eliminating  any  danger  of  affecting 
tbe  U  prings.  The  brush  holder  clamp  and  brushes 

'demselves  arc  .-.man   and   light,   and.  having  very  little 
icrtia,  follow  the  commutator  quickly. 

Any  brush  may  be  lifted  from  the  commutator  with- 
ut  disturbing  the  adjustment  of  the  others,  and  all 
rushes  may  be  adjusted  independently.  A  single  arm 
■ith  brushes  and  with  parts  is  shown.  By  means  of  the 
ccentric  insulating  hushing,  as  shown  in  Fig  234,  each 
dual  arm  may  be  adjusted  to  obtain  perfect  uni- 
>rm  ig  of  the  brushes  about  the  commutator. 

Inspection  and  Tests. — During  the  process  of  manu- 
acture,  all  parts  are  subjected  to  rigid  inspection  and 
ests  and  the  completed  machines  are  run  for  a  sufficient 
ragth  of  time  to  make  sure  that  they  come  within  the 

rantccd  limits  of  heating,  sparking,  etc.  The  insula- 
of  the  various  parts  of  the  machine  and  the  com- 
pleted machine  arc  tested  by  the  application  of  a  high 
voltage,  in  accordance  with  the  standard  specifications 
adopted  by  the  American  Institute  of  Electrical  Engi- 
neers. 

The  Dynamo.— The  dynamo  is  therefore  z  machine 
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by  power,  usually  steam  or  water,  and  producing 
Qk  necessary  pressure  for  the  production  of  an  electric 
lurrent. 

A  dynai  -  like  a  cistern  at  a  high 

or  a-  pump,  for  it  urges  or  forces  the  current 
hrough  the  conductor.  Without  such  force  or  pres- 
iure  as  produced  by  tin-  dynamo,  there  would  be  no  more 
low  of  an  el*  lurrent,  than   there  would  he  of 

»atCT  from  to  another,  when  both  are  on 

he  same  V 

Classes. — Dynamos  are  classified  into  (1)  Uni-polar, 
t,  (3)  Multi-polar  machines,  according  to  the 
er  of  poti  upon  them.    They  are  used  for 

hrcc  principal  purposes: 

1.  Incandescent  lighting. 

2.  Ar^-  lighting'. 

3.  tribution  of  power. 

When   used    for  power   pui  the   machine  is 

tiled  a  generator,  thai  is,  when  il  generate^  electricity 
j  be  used  through  motors.     Such  an  electrical  machine 
plea!  form  consists  of  two  main  parts;  11)  an 
mature,     which     in     revolving     indua  lOtive 

trees  in  the  CO  "•    und  upon  it;  1  2  1  a  field  mag- 

hose  function  is  to  provide  a  fiekl  of  magnetit 
ties  to  be  cut  by  nature  conductors  or  coils  as 

icy  revolve.     In  all  dynamos,  whether  for  direct  or  al- 
trnating  currents,  these  two  parts  arc  the  same.     Usu- 
gnel  remains  stationary  while  the  arma- 
itatcs.   but    in   recent   patterns  of  alternators,  the 
irmature  remains  stationary,  and  the  field  magnets  ro- 

tit  is  always  the   field  magnet    which  maintains   its 
Steady  during  the  revolution,  while  the  mag- 
armature  alone  regularly  changes,  and  this 


I 


»i»m  of  the  mines  the  type  of  ma- 

«k.    It  has  been  fi  nient  to  supply  in- 

cnt    lighl  ns   by   tin-   constant   potential 

m,  ami  arc  light  ir.  ins  by   tin-  constant  cur- 

will  in    hereafter  explained. 
In  Fig.  .  hown  the  fields  on  the  ordinary  type 

bfjenerat. 

Tbr  tference  as  we  have  seen  between  a 

(mih-  and  an   alternator,  as   an  altcr- 
g  cum  called,  is  lh<    use     i  a  com- 

r  u|M>n  tl  er  machine  f"r  rectifying  the  cur- 

rigc  it  from  an  alternating  I.,  a  ilircet 
i.    'lli     commutator  is  attached  to  the  armature 

i   it. 

In  the  case  of  an  alternator    there   is     <•<!  of  a 

UtatOTi    but    metallic    rings,    known     i         'Hecting 
take    its    plate,   the    collecting   brushes    pressing 
t  them,  as  shown  in  the  illustrations, 

therefore,    consists    of   five    essential 

1 1 \     The  armature,  or  revolving  part. 

Th»    field  magnets  which  produce  the  magnetic 
which  the  armatuic  rotates. 

r  or  collector. 
(5)     Tb«  >ng  brushes. 

In    :  .-.j  arc  shown  tin-   principal  parts 

\i  i  gencr. 

Types  of  Dynamos. — There  are  two  principal  t; 
.-.moa:     (I)    Direct    current,   and    the    (2)    Alter- 
Lung  current  machine. 

The  direct  current  machines  are  divided  into  three 
Series  wound;  (2)  Shunt  wound:  (3)  Com- 
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pound  wound,  depending  upon  the  manner  the  field  mag- 
nets arc  connected  to  the  armature. 

Series  Dynamos. — The  manner  in  which  the  connec- 
tions arc  made  on  this  type  of  machine  can  be  seen  from 
Fig.  238.     In  e,  the  whole  of  the  gener- 

ated in  the  armature,  passes  direct  through  the  coils  of 
the  field  magnet,  whii  >nnd  with  several  turns  of 

heavy  wire,  ami  thence    >U1  to  the  il  circuit.     The 

current  in  passing  through  the  coils  of  the  field  magnet 
energizes  same,  c  a    magnetic   field   between   the 

N.  it  S.  poles,  in  which  magnetic  field  the  armature  rc- 
■volves  as  shown  clearly  in  the  cut. 

Shunt     Wound     Dynamos. —  This     type     which     is 
shown  in  Fig.  238,  differs  iron:  ound  machine 

in  that  the  whole  of  the  current  doe*  not  DJKM  through 
the  field  coils,  but  an  independent  circuit  is  used  for 
exciting  its  field  magnet.  This  independent  circuit  is 
composed  of  a  large  number  of  turns  of  fine  wire,  which 
are  wound  around  the  field  magnel  and  connected  direct 
to  the  brushes,  so  as  to  form  a  by-pas:  n  shunt  to  the 
brushes  and  external  circuit .  in  addition  to  the  main  cur- 
rent, which  is  taken  off  direct  from  the  brushes.  There 
arc  two  paths  present.-. I  I  1  the  current  as  it  leaves  the 
armature,  viz.;  The  external  circuit  and  the  path 
through    the    field    co  osl    of    the    current     Rows 

through  the  external  path,  as  it  offers  much  less  resist- 
ance than  the  shunt  path  through  the  field  coils,  it  hcing 
of  much  btrgei  wire.  The  resistance  of  the  shunt  cir- 
■nit  is  always  made  very  great,  as  compared  to  the  re- 
sistance of  the  at  and  external  circuit,  as  this 
circuit  is  USCd  alone  to  secure  a  closer  regulation  of  the 
machine  than  afforded  by  the  scries  type.  The  strength 
of  the  current  through  the  field  coils  rarely  exceed  15 
amperes,  even  in  the  largest  size  machines. 
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Compound  Wound  Dynamos.— I  Ins  lype,  .is  shown 
in  Fig.  238,  is  a  combination  of  the  scries  and  shunt 
wound  machines,  the  field  magnet  being  wound  with 
two  sets  of  coils,  one  set  being  connected  in  series,  and 
the  other  set  in  parallel  with  the  armature  and  external 
Bit. 

1    much    closer    regulation    than    the 
itomatically     maintains      .1    constant 
-sure,  and  i-  therefore  used  almost  exclusively  for  in- 
candescent lighting. 

Self-Exciting  Machines. — The  - 1 1  ■  * » ■■.  <■  three  types  are 
it  is  kn  elf-exciting  machines,  as  they  require 

indcpemli  ni   h  ittery  w  dynamo  for  exciting  their  field 
iccite  their  fields  themselves,  as  above  de- 
scribed. 

Separately  Excited    Machine. —  In    order   to  operate 
chine,  known  ;is  an  alternator,  an  inde- 
penden:  .1!  dynamo  or  battery  is  necessary  foi 

exciting   its    field    magnets,    called    an    exciter,    which    is 
shown    in    Fig    239.      It    is    therefore   not    in    general   use 
small  installations,  being  principally  used  where  an 
alternating  current    is   required,   as   with  an   alternating 
cut   a  self-exciting   machine   is   impossible,   owing  to 
the  fact  that  the  fields  cannot  hi-  magnetized  with  such 
a  current,  a  direct  curent  being  necessary  for  this  pur- 
as  abo<  ned. 

The  K.  M.  F.  and  current  of  this  type  of  dynamo  is 
regulated  by  varying  the  strength  of  the  magnetizing 
current  produced  by  the  independent  dynamo  or  battery 
which  is  connected  direct  to  the  field  coils.  The  strength 
Of  this  independent  current  is  regulated  by  the  regu- 
lator R. 

Coupling  of  Dynamos. — In  large  installations,  such 
as  central  generating  stations,   it   is  neither  economical 
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nor  desirable  that  the  entire  current  should  be  furnished 
a  single  dynamo  or  generator.     As  it  is  economy 
to  always  work  a  dynamo  at  full  load,  or  as  near  a  full 
as  possible,  it  is  manifest  that  this  would  be  im- 
with  only  one  machine,  owing  to  the  fluctuation 
load.     In  order  to  secure  a  maximum  efficiency 
tal  to  divide  up  the  plant  into  a  number  <>f  units, 
Mat  the  load  can  be  taken  care  of  at  all  times,  irre- 
spective of  its  fluctuations.     At  the  "peak"  of  the  load, 
is   where  the  load  is  the  heaviest,  all  the  units  can 
be  worked,  and  as  the  load  decreases  the  units  can  be 
rut  out.  so  as  to  always  keep  a  full  load  on  the  machines 
[kept  running. 

The  output  of  a  dynamo  is  composed  of  two  fac- 
[tors.  the  pressure,  or  voltage,  and  the  current,  or  am- 
[  peragc.     Either  or  both  of  these  can  be  increased  by  the 
addition  of  more  machines,  the  same  as  the  boiler  horse 
power  of  a  plant  can  be  increased  by  the  installing  of 
ilers.     The   uses   of   electricity   at   the   present 
time  require  the  maintenance  of  either  a  constant  cur- 
|  rtnt,  or  a  constant  pressure  in  a  circuit,  and  to  comply 
with   these  requirements  it   becomes  necessary   to  con- 
nect the  dynamos  or  generators  together  in  several  dif- 
ferent ways. 

In  coupling  two  or  more  machines   in  parallel  the 
sure  or  voltage  of  all  the  machines  is  kept  constant, 
and  the  currenl  or  amperage  alone  varies. 

In  the  scries  connection,  the  pressure  or  voltage  of 
increased,  while  the  current,  or  amper- 
age, remains  the  same. 

Fijj.  2.\(>  shows  the  cells   when   connected  in  series 
When  connected   in   parallel.     Also,  connectic 
flights  in  scries  and  parallel. 
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Fig-  237  shows  the  principal  systems  of  connecting 
(candescent  lights. 

When  the  machines  are  connected  in  parallel  all  the 
sitive   terminals  are  connected   together,  and  all  the 
ative  terminals  the  same  way;  or  the  positive  and 
ative  terminals  of  each   machine   can  be   connected 
ectively  to  two  insulated  copper  bars,  called  omni- 
or  "bus"  bars.     When   in  series,  the  negative  and 
sitive  terminals  arc  connected  to  each  other. 
Shunt  Dynamos  in  Series. — The  following  are  the 
al  methods  of  connecting  up  dynamos  so  as  to  run 
ktr  in   parallel   or  series.     To  connect   in   series  the 
litive   terminal  of  one  machine   is  connected   to   the 
»tive    terminal   of   the   other.     The   ammeter,    fuses 
switch  are  connected  through  the  outer  terminals, 
(shown  in  Fig.  240. 

Shunt  Machines  in  Parallel. — To  connect  shunt 
^chines  in  parallel,  it  is  only  necessary  to  connect  the 
ttsitive  and  negative  terminals  of  each  machine  respec- 
vely  to  the  positive  and  negative  "bus"  bars,  as  shown 

1  F'g-  243- 

Series  Dynamos  in  Series. — Series  wound  machines 
ill  run  satisfactorily  when  connected  in  series,  as  shown 
a  Fig.  242. 

Series  Dynamos  in  Parallel. — Series  wound  machines 
ne  not  adapted  to  run  in  parallel,  as  machines  of  this 
Jpe  are  not  constructed  for  the  purpose  of  maintaining 
(constant  pressure.  In  order  to  operate  such  machines 
a  parallel,  an  "equalizer"  is  necessary,  as  shown  in 
Fig.  241.  This  is  a  third  connection  between  the  ends 
of  all  the  series  coils,  where  they  join  the  armature 
circuit.  This  causes  the  whole  of  the  current  generated 
by  all  the  machines  to  be  divided  among  the  series  coils 
of  the  several  machines.     This   maintains  constant  the 
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the  several  machines,  anil  maintains  an  equality 

c.  thereby  preventing  reversal  "f  polarity,  and 

ng  the  machines  togethei    undei    -ill   inn.liin.iis  of 

Compound    Dynamos   in   Series. — It    is   only   ncces- 
connect  the  scries  coil  of  each  together,  as  shown 
•;.•       I  lie  shunt  windings  must  be  connected  as 
shunt. 
Compound    Dynamos    in    Parallel. — Such    machines 
til  mil  run  tOgethei   satisfactorily  unless  tin    -.  i 
Reconnected  together  bj    an  equalizing  connection,  as 
hnwn  in  Fig.  244.     Thi  tioti  1-  the  same  as  when 

tries  dynamos  an-  connected  in  parallel. 

Coupling  of  Alternators. — In  order  that  the  output 
il  one  alternator  may  be  added  t"  another  :t   is  n>  ■ 
»ry  that  the  E.  M.  F.  of  each  machine  shall  be  in  exact 
green  thai  thej    will  have  equal  frequencies,  or 

t  in  phase,  or  in  step  with  each  other. 

Method      of      Measurements. — To      ascertain      the 

nount  of  current  flowing  in  a  circuit  an  ammeter,  which 

designated   in   Fig.  219  as  A.   is  inserted  in  series  in 

ic  of  the  mains.     The  whole  of  the  current  passing  to 

L,    therefore    must    pass   through    it   and    he 

wared 

A  voltmeter,  designated  as  V,  Fig.  210,  is  con- 
tted  across  the  two  main  leads,  or  in  shunt  with  the 
namo,  and  therefore  measures  the  difference  of  po- 
itial  between  the  two  mains   in  volts. 

Use  of  Different  Types.— The  scries  wound  ma- 
incs  are  used  almost  exclusively  for  street  car  ma- 
's, such  a  tyj  totally  ""lit  for  constant  poten- 
I  work.  The  shunt  and  compound  wound  machines 
I  practically  used  for  all  power  and  im  ;in.|i-sceni  light- 
i:uits.     The    constant    current    type    is    devoted 
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Fig.  244. 
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mostly    Jo  arc    lighting.     Of   the    three    types   deSCl 
above,  the  compound  wound  machine  is  by  &W  ttK 
used,  owing  to  its  close  and  automatic  regulation. 

Over-Compounding. — This 
of  .111  electrical  machine  as  produces  under  an    i 
of  load  -in  increase  of  voltage  at  its  terminals. Thi: 
duced   by  placing  ;i    sufficient    numbei    of   turns 
series  coils  so  ■  >■■   to  increase  the  difference  of  p 
between  the  terminals  of  the  m.'n  ' 
the  load  increases.     In  this  wa\  the  .re  i 

to  compensate  for  the  drop  in  the  armature  and 
terual  circuit. 

Wagner  Electric  Generator. — In   Fig.  246  >■ 
a  view  of  this  generator. 

Western  Electric  Generators. — In  Fig.  24 
a   125  K.  W  itor.  125  volts  and    125   K. 

In  Fig.  247  is  shown  n   Western  FIe< 
generator.  250  volts,  120  R.  P.  M. 

In  Fig.  248  is  shown  a  800  K.  W.  Western 
generator,  80  K.  P.  M. 

In  Fig.  240  is  shown  a  40  K.  \\ 
125  volt  generator,  direct  connected  t<  ■  a  gas  engine,  ru 
at  a  speed  of  290  K.  P.  M. 

The  Aldrich   Electric    Boiler  Feed  Pump. — In 
250  is  shown  an  electrical  driven  boiler  feed  pump. 

The  Marine  F.lectiic  Elevator  Machine. —  In 
is  shown  an  elevator  machine  driven  by  an 
motor. 


126  K.  sv.  Generator.  125  Volts,  125  R.  P.  M. 
Fir.  245. 
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XXVI. 

OPERATION  OF  DYNAMOS  AND  MOTORS. 

Installation. — As  there  is  practically  no  difference  in 
con-  id  motors,  t lie  directions 

their   in  ■:!   and  operation   applies  equally    to 

The  first  requisite  in  the  installation  of  a  dynamo, 

to  have  a  good  foundation.     VN  ith  direct  driven  ma- 

ihe  engine  and  •  should  be   mounted   on 

plate,  whenever  the  size  of  the  machim 

mpness  and  dust,  as  well  as 

11\   considered   v.  In  n 

n  foi    a  dynamo. 

f.-ir  i  ii-  •  i : ■_•  1 1  awaj   from 

•  allow  the  belt  to  have  good  contact, 

the   bell    will    constantly  slip,    causing   varia- 

in    the    current,    and    when    u.sed    for    incandescent 

hting,  ill  cause  the  lights  to  "wink." 

1  driven  shal  be  parallel,  and 

centers  0  pulleys  in  a  line  at  right  angles  to 

:t. 
Cleanliness. — The  dynamo,  as  well  as  all  electrical 
ichinery,  should  be  kept   scrupulously  clean,  and   the 
iperattiri  of  the  machine  be  allowed  to  rise 

high  as  to  make  it   unromfortabh    to  hold   the   hand 
linst  any  pari  of  the  ma«  him 
Operation. — The  dynamo  armature  should  be  turned 
itarting,  noting  if  it  turns  easily  and 
the  b  make  proper  contact  at  all  parts  of  the 

should    be    very    gradually    in 
rd     ii    Starting   up    so  that  any   faults  which    may 
one    l)i    remedied  before  any  damage  rc- 
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Motor. — Before  throwing  the  main  switch  for  start- 
i  motor,  the  starting  resistance  must  always  be  in- 
eluded  in   the  armature  circuit.      This  should  be  gru  ' 

ics  up  i"  -.peed. 

Stopping. — In   stopping  a    dynamo  or  motor,  never 

h  carrying  a  heavy  current,  but  the  m.i- 

.  Ilowed  i"  gradually  come  to  a  stop,  and 

the  main  switch  be  opci 

Brushes. —  the    brushes    should    be 

tcly  w  ithoul  spa 

i  I  >ad  cause*  sparking,  the  brushes 

d    to  the  right    |  as  the 

M  and  so  roughened  if  allowed 

will  -'"Hi   have  to  be 

Causes  of  Sparking.— Sparking  of  the  brushes  may 
I  flash  <>f  light  that  hovers  around 
ri'  i  mittent. 
There  arc  many  causes   for  sparking,   the 

Hows,   i  f; 
■    Brush*  s    improperly    set. 
ing    impropc         intact.      (4)    Commutator 
•lipping       (6)   Short  circuit 
coil,      171   Too   high  speed.      (8) 
(9)    Dirty  brushes  or  com- 
>n      (hi   ''  1  in  commutator.  (12) 

Failure  of  Dynamos  to  Generate. — This  is  due  to  in- 

ident  residual   magnetism    in   the  field   magnets.      It 

occur  the  dynamo  1-  ;.  m-w  one.  or  when  the 

magnets  have  been  taken  apart  for  repairs.     It  scl- 

the  field  magnets  are  cast  iron. 
Remedy. — It  may  be   nine. lied  by  passing  the  cur- 
from  a  some  time  in  the  proper 
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rection   through   the  field  coils,  but    in  practicat  work 
harge  the  fields  from  an  outside  source. 
If  the  dynamo  is  run  in  multiple  with  another  dynamo, 
•    only   necessary   to   lift    the   brushes  and    throw   in 
the  main  line  switch,  the  same  as  is  done  to  cut  the  ma- 
chine into  service.    The  fields  in  this  way  take  a  charge 

i   tin    line,  and   their  polarity   will   then  be  corri 

that  is,  it  will  he  the  same  a*  thai  of  the  othei  machine. 

Fa:  generate    is   al.%. ■   i-aii-.nl   by   the   wrong 

connection  of  field  or  armature:  from  open  circuits  or 

short   circuits.  or  from  the  field   coils   being  incorrectly 

0  thai  th       oppose  each  other,  thereby  caus- 

i  reversal  of  the  magnet  ism  of  polarity. 

nditions,  the  field  coils  produce  a  po- 

he  magnetism  to  which  they  owe  their 

I  therefore  the  machine  will  refuse 

until  the  field  connectii  n  that 

polarity  mi  the  poll  rrcctcd  by  sending 

n   another  machine  llu  nigh  the  field  coils 

be  proper  direction. 

Alternating     Current    Machinery. — We     ha 

that  when  a  coil  is  rotated  within  a  mag- 
i  tin   i  Mil  assist  each 
"'her  in  the  generation  of  an  i  h  >  tried  pressure,  and  that 
re  the  E.  M.  F.  is  double  that  produced  by  a  sin- 
gle conductor  or  rod. 

By    the  operation   of  the  coil   rol  tted  as  shown,  an 

'•  •:■].     and    the    apparatus     for 

h  a  current  is  the  simplest  form  of  an  al- 
irrcnl   machine    or  alternator,  as  such  a  ma- 
ually  called. 

B  Essential  Parts. — The  coil  is  mounted  so  as  to  ro- 
e  between  the  north  and  south  pub  .  of  a  magnet.  The 
ds  of  the  coil  arc  connected  to  two  copper  connecting 
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kp  mounted  on  the  shaft  with  the  mil.  hut  insulated 
ha  it    Upon  each  of  these  rings  pres  itiorutry 

rak,  which  is  kept  alwav  i  tact   with  the  f 

observes  to  conduct  the  current  to  an  outside 
Circuit. — A  complete  circuit  is  thus  furnished  from 
! -.rough  the  external  circuit  to  the  other  brush. 
>crc  the  collecting  ring  transmits  it  by  means  ot 

the  first  brush :  and  in 
i  wj  low  aron  cir- 

uted. 
ilternating  curreni  produced  by  the  rotation  of 
ii  to  thi  '  circuit  in  one  direction 

one-half  revolution  of  the  coil,  hut  in  an  opposite 
maining  half  of  the   revolution; 
the  current  continues  back  and   forth 
each  i  i  of  the 

^th    <■•■    lh<     current    rises   and    falls    with 

'irrent,  being  greatest  when  the 

ilv       nes   of   force   at    right    angles,   which    is 

m  a  hori  lane,  and  is  less  when  mov- 

th  the  In       of  force,  which  is  when  it  is 

ear.  a  vertical  position. 

Cycle.—  mges  in  a  current,  ai 

resented  by  the  diagrams  in  Fig.  221  and  222,  are 
ed  cycles  or  periods,  and  represent  the  current's 
mgti  M,  F.  during  each  complete  revolution  of 

ingle  coil  in  a  bipolar  field,  i.  e..  a  field  having  two 
es. 

In  Fig.  221  (2)  is  represented  one  cycle,  it  being  one 
nplctc  revolution  of  the  coil. 

Alternation. — An  alternation  represents  the  change 
a  current  during  one-half  of  each  revolution  of  the 
il.  and  therefore  one  cycle  is  composed  'if  two  alter- 


alter- 
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Frequency. — The  number  of  cycles  occurring  per 
KvTi'i  is  designated  as  the  frequency,  and  is  equal  to 
he  number  of  revolutions  per  second  of  a  single  coil  in 
i bipolar  field.  For  instance,  if  the  coil  makes  tSoo  rcv- 
ilutions  per  minute,  the  frequency  will  be  30  c\cles  per 
wcond.  which  is  usually  designated  as  simply  30. 

As  each  coil  or  conductor  on  the  armature  will  pass 
through  as  many  fields  in  each  revolution  as  there  are 
puts  of  poles  on  the  machine,  the  frequency  of  an  alter- 
nator is  therefore  obtained  by  multiplying  the  number 
of  revolutions  per  second  by  the  number  of  pair  of  poles. 
For  instance,  an  alternator  having  10  pair  of  poles  and 
Hiring 900  revolutions  per  minute,  will  have  a  frequency 

900 

qui  to—  X  10  =  150. 
60 

In  Fig.  222  (1)  is  shown  two  separate  coils  placed 
■8a magnetic  field  at  right  angles  to  each  other.  Instead 
>f  the  commutator  now  being  made  in  two  halves  or 
tgments,  it  is  composed  of  four  segment «,  the  two  etuis 
/each  coil  being  connected  to  opposite  segments.  These 
;gments  must  be  insulated  from  each  other  so  as  not  to 
lort-circuit.  and  the  two  metaiic  brushes  continue  to 
ess  against  the  segments  as  hefim*,  they  being  at  all 
mes  in  contact  with  two  segments  diametrically  oppo- 
te  to  each  other,  instead  of  with  only  one  segment,  as 
hen  but  one  coil  of  wire  was  used. 

These  brushes  arc  connected  to  the  external  circuit 
it  same  as  was  done  when  only  one  coil  was  used. 

In  Fig.  222  (2)  is  shown  a  diagram  of  the  tluctua- 
1-ns  of  the  current  when  two  coils  are  used.  In  this 
.izsratn  the  current  produced  by  each  coil  is  represented 
y  a  curve,  making  two  curves  in  the-  diagram  instead  of 
Hi'.y  one  curve  as  shown  in  Tig.  221   (2). 
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Frequency. — The  number  of  cycles  occurring  per 
cuml  is  designated  as  the  frequency,  and  is  equal  to 
e  number  of  revolutions  per  second  of  a  single  coil  in 
bipolar  field.  For  instance,  if  the  coil  makes  1800  rev- 
isions per  minute,  the  frequency  will  be  30  cycles  per 
■cond.  which  is  usually  designated  as  simply  30. 

As  each  coil  or  conductor  on  the  armature  will  pass 
irough  as  many  fields  in  each  revolution  as  there  arc 
lire  of  poles  on  the  machine,  the  frequency  of  an  altcr- 
rtor  is  therefore  obtained  by  multiplying  the  number 
(revolutions  per  second  by  the  number  of  pair  of  poles, 
or  instance,  an  alternator  having  10  pair  of  poles  and 
alcingpoo  revolutions  per  minute,  will  have  a  frequency 

900 

qui  to  —  X  10=  150. 
6b 

In  Fig.  222  (1)  is  shown  two  separate  coils  placed 
a  magnetic  field  at  right  angles  to  each  other.  Instead 
the  commutator  now  being  made  in  two  halves  or 
^merits,  it  is  composed  of  four  segment*,  the  two  ends 
each  coil  being  connected  to  opposite  segments.  These 
fments  must  be  insulated  from  each  other  so  as  not  to 
art-circuit,  and  the  two  mctalic  brushes  continue  t<> 
ess  against  the  segments  as  hefoP*.  they  being  at  all 
ies  in  contact  with  two  segments  diametrical ly  oppo- 
e  to  each  other,  instead  of  with  only  one  segment,  as 
ten  but  one  coil  of  wire  was  used. 

These  brushes  arc  connected  to  the  external  circuit 
:•  same  as  was  done  when  only  one  coil  was  used. 

In  Fig.  222  (2)  is  shown  a  diagram  of  the  lluctua- 

•ns  of  the  current  when  two  coils  are  used.     In  this 

agram  the  current  produced  by  each  Coil  is  represented 

a  curve,  making  two  curves  in  the  diagram  instead  of 

ily  one  curve  as  shown  in  Fig.  221   (2). 
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it  is  seen  from  this  that  the  greater  ilu  number] 
coiia  used,  the  stronger  and  more  uniform  becomes 
current.  s<i  tii.-it  l>\  using  lent  number  o 

current  can  be  made  almost  continuous.     \  conthni 

Current  Of  uniform  strength  is  known  as  a  constant  Cf 
rent. 

In  such  a  current,  the  pulsations  in  the  How  Uccon 
almost  unnottceablc,  and  it  is  therefore  especially  de 
able  for  inci  nl  lighting  ami  other  work  req« 

a  perfectly  steady  current. 

It    is  therefore  seen   that  a  current   when    fi 

cluced  by  a  dynamo  or  generator  is  an  alternating 

rent,   the  alternations  extending    b  forth   over 

entire   circuit,   and   amounting   to   several    thousam 
minute. 

For  incandescent  lighting  th»  • 
a  frequency  of 'as  much  as  45  cycles  per  se< 

wive  it   will  CaUSC  B  winking  in  the  lam; 

It  has  been  furthei   seen  that  in  order  to  - 

current  out  as  a  direct  current,   in  which   run 
flow  is  always  in  the  same  direction,  it  i-  necessary  tli 
the  current  be  changed  upon  the  machine  before  tr 
mission. 

The  addition  of  a  commutator  is  required  to  ma 
this  cli.ini.-i-,  and  tin's-  practically  is  the  only  differ 
between  a  direct  and  an  alternating  current  dynamo  i 
generator. 

Dynamo  or  Generator. —  l'lu    word  dynamo  is 
rived  from  a  Greek  word,  meaning  power,  while  tfa 
generator  is  derived  from  a  word  meaning  birth  giv 
and  hence  the  two  name*  arc  used  interchangeably 
electrical  machines,  though  we  usually  speak  of  a  dy 
mo  when  the  current  produced  is  to  be  used  for  lightit 
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generator  when  the  current  is  to  be  used  (or  power 
»»c>  in  operating  motors. 

Neither  of  the*    ■•!■  machines  generate  eJ 

ty,  but  they  only  create  the  pressure  to  make  it 
lafoi'  with  mi  mid  watei  from  winch 

irr  :  work  ear  be  obtained  without  pres- 

In  the  lame  waj   wi   cannot  get  the  flow  of  an 
rlc  cum  ianying  electrical  energy 

out  pressure,  and  this  pressure  must  be  supplied  by 
or  the  other  of  these  electrical  machiri 

Contruction  of  the  Armature. —  1'hc  coil  of  wire 
wi  111  I  tnrl  Fig,  221,  is  the  simplest  possible 

i  of  an  armature,  and  its  revolution  between  the 
Bets  as  has  been  shown,  is  the  simplest  form  of  ■ 
itno  or  generator.  The  larger  the  number  of  loops 
greater  the  electrical  energy  gathered  by  the  anna 

and  sent  out  over  the  circuit.  The  strength  of  the 
ent  also  <lcr  '  ion  the  amount  of  magnetism  in 

field  coils,  which  take  the  place  of  1 1 1 < -  permanent 
;net  shown  in  the  illustrations.  These  field  coils 
i  the  iron  core  abi  >U(   which  they  are  wound,  ;ire  noth- 

RKM  an  electro-magnet,  the  construction  and 

•atk-n  of  which  has  already  been  described 

When  tin  machine  i-  first  started  up,  that  is  the  coil 
le  to  rotate,  then   u  onlj  what  is  known  as  the  resi 
I  or  natural    magnetism  in    the  iron,  and  therefore 
e  are  but  few  lines  of  force  emanating  from  it.  and 
currenl  which  is  generated  i    therefore  very  slight. 

however,  the  loop,  or  loops  when  more  than  one 
sed,  through  this  magnetic  field,  it  gathers  a 

D  amount  of  electrical  energy,  which  is  made  to  pass 
mgh  insulated  wires  wound  around  the  magnetic 
s  or  pole  pieces  composing  the  fields,  which  at  once 
itened  the  magnetism  of  the  field,  and  this  in  turn 
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produces  a  greatci  electrical  energy  within  the  armature. 

which  greater  energy  is  again  utilized  to  strengthen  '.h- 
influence  of  the  magnet,  and  in  this  manner  the  macniM 
is  built  Up  to  its  full  capacity. 

The  armature  is  made  up  of  a  number  of  such  coHs 
wound  tbout  a  soft  iron  core  which  si-rves  to  condocl 
the  magnetic  lines,  nil  the  coils  being  inl  ted  bj 

means  of  the  commutator  which  forms  i  part  of  thear«- 
aturc. 

The  armature  is  wound  in  a  great  number  of  ways. 
Imt  the  drum  armature  is  the  armature  most  generally 
used  OH  fcCCOUnt  of  its  simplicity  and  comparative  efi- 
ciency. 

Drum  Armature. — Such  a  type  Of  an  armature  t 
shown  in  Fig.  223  and  also  Fig.  229,  It  will  be  seen  in 
Fig.  220.  that  the  wires  arc  wound  longitudinally,  that  i> 
lengthwise,  upon  the  cylinder  or  drum,  an  .nop ol 

wire  connected  to  the  commutator  as  shown  in  I 

'I  In    armature  core   is   made  Up  Of  sheet   iror 
discs   being  insulated   from  each  other,  usually  kj 
a  thin  sheet  of  paper  or  other  n  icting  material 

in   order    to   prevent    the   current    from    being  short  cir- 
cuited, that  is.  instead  of  traveling  the  entire  lew 
each    loop,   the   current    will   jump  across  and  take  the 
shortest  path  from  one  connection  t>>  the  other. 

The  circumfen  m  c  of  these  discs  are  provided  with 
apertures  for  holding  the  armature  coils  in  place.  The* 
apertures  are  shown  in  Fig.  220.  which  illiterates  *• 
armature  in  process  of  being  wound. 

Eddy   Currents. — When   an    armature    n 
magnetic  field,  the  magnetism  of  its  cor..  -tantly 

changing  as  its  parts  pass  through  the  different  mag- 
netic planes  surrounding  the  poles. 

When  opposite  a  pole,  the  magnetism  is  at  a  mini- 
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mam,  as  that  part  of  the  armature  is  moving  parallel 
with  the  lines  of  force  and  hence  no  magnetism  is  gen- 
erated ;  but  when  the  coils  are  moving  at  right  angles  to 
the  lines  of  force,  the  magnetism  is  then  at  its  maximum, 
but  the  lines  then  pass  through  the  core  in  an  opposite 
direction. 

All  parts  of  an  armature  core  are  therefore  being 
continually  magnetized  in  one  direction,  and  then  de- 
magnetized as  the  parts  pass  into  the  opposite  plane  or 
magnetic  field,  and  then  magnetized  again  as  the  arma- 
ture continues  to  rotate. 

This  magnetizing  and  demagnetizing  of  the  arma- 
ture as  it  passes  each  pole,  continues  as  long  as  it  ro- 
tates. 

The  loss  resulting  from  the  constant  changes  in  the 
lines  of  force  through  the  armature  core  is  called  hyster- 
esis, which  is  from  a  Greek  word  meaning,  "to  lag  be- 
hind." 

This  lagging  behind  of  the  lines  of  force  is  caused 
from  their  opposition  to  the  changing  of  their  direction 
of  flow,  that  is,  their  tendency  is  to  maintain  any  mag- 
netic state  which  they  have  once  acquired. 

This  constant  changing  of  the  direction  of  the  lines 
of  force,  produces  what  is  known  as  eddy  currents  in  any 
solid  mass  of  metal  which  is  rotated  in  a  magnetic  field, 
or  which  is  subjected  to  a  varying  magnetic  field. 

Such  currents  tend  to  flow  in  a  circular  path,  and 
when  produced  in  a  large  t,olid  body  they  are  very  ob- 
jectionable, as  they  not  only  consume  a  large  amount  of 
energy,  but  they  also  frequently  cause  a  dangerous  rise 
in  the  temperature,  which  may  burn  out  the  armature 
coils- 
Prevention. — While  it  is  impossible  to  entirely  pre- 
vent the  generation   of  these   eddy   currents,  they  can, 
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however,  be  prevented  from  attaining  any  considered 
strength. 

This  i-  done  by    making   the   core  nf    the    armalu 
laminated,  that   is.  divided  into  a  large  number  of  th 
sheets,  each  sheet  being  insulated  from  the  other  by 
insulating  material. 

Armature  cores  arc  usually  constructed,  or  built 
as  it  is  called,  of  thin  sheet   jr. .tt  discs,  as  shown  in  Fi| 

228.  which  discs   are  stamped  oul  from  '  ir<« 

These   discs    are    m-ulated    fr. >m    each   other   usually  by 

covering  one  face  with  varnished  paper,  or  both  fattS 

are  enameled. 

Field  Magnets, — Cast   iron,  cast  steel  and  wrougkf 
> r.  .11  are  the  principal  materials  used  in  the  constri 

of  the  field  magnets.     These  three  metals  have  a  veri 
high  permeability,  by  which  is  meant  the  condo 
for  magnetic  Hnea  of  force,  or  a  measure  of  ease  wi 
which  magnetism  passes  through  any  substance. 

Saturation. — A  metal  can    he    saturated    with    m 
netism  the  same  as  a  sponge  is  saturated  with  a  liqn 
In   good   iron    the   point   of  saturation    is   about    125.0a 
lines  of  force  to  the  square  inch  of  area  of  cross 
tion.  that  is,  that  much  area  "ill  absorb  only  that  mu 
magnetism. 

When  cast  iron  is   used  in  the  construct 
magnets  only  about    45,000  lines  of   forte   to   the   sqtti 

inch  is  allowed   while  for  wrought  iron  as  much 
000  line-  ol  force  are  allowed  for  this  area.     Thcref 
when  a  small  cross-section  of  core  is  desired,  wrou; 
iron  is  used,  as  its  high  permeability  requires  less 
section  area. 

For  convenience  in  handling,  field  coils  arc  us 
wound  on  a  separate  form  or  spool,  as  shown  in  Fig. 
and  these  spools  then  placed  on  the  cores  or  pole  ptei 
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Ampere-Turns. — These  windings  of  the  wire  upon 
the  cast  iron,  wrought  iron  or  cast  steel  field  frames,  are 
ailed  turns,  and  the  amount  of  magnetism  produced  In 
the  fields  by  the  passage  of  a  current  through  these 
turns,  depends  upon  the  number  of  turns,  and  the 
strength  of  the  current  passing  through  them.  There- 
fere,  the  product  of  the  number  of  turns  and  the  strength 
of  the  current  passing  through  them  expressed  in  am- 
peres, is  called  the  ampere-turn. 

So  far  as  the  amount  of  magnetism  is  concerned,  it 
s  immaterial  how  the  number  of  turns  and  the  strength 
'f  the  current  are  proportioned,  as  long  as  the  product  is 
he  same. 

That  is.  it  makes  no  difference  whether  there  are  10 
litis  with  3  amperes,  or  15  turns  with  2  amperes,  as  the 
roduct  is  30  ampere-turns  in  each  case. 

Virtual  E.  M.  P.— As  the  E.  M.  F.  of  an  alternating 
irrent  continually  varies,  rising  and  falling  and  revers- 
g  its  direction,  there  must  be  taken  some  fixed  unit  as 
standard  measure  to  obtain  its  strength.  As  the  E. 
.  F.  is  equally  effected  in  one  direction  as  the  other, 
value  is  therefore  independent  of  the  direction  of  the 
rrent.  and  the  current  can  be  regarded  as  acting  in 
ly  one  direction  in  determining  this  standard  of 
asurement. 

No  such  trouble  is  experienced  in  finding  the  E.  M. 
of  a  direct  current,  as  it  is  a  constant  current  and  does 
t  vary.  Therefore,  the  alternating  current  must  be 
•asured  by  comparison  with  the  direct  E.  M.  F.  and 
;  direct  current.  An  alternating  E.  M.  F.  or  current, 
lich  produces  the  same  deflection  on  an  electrostatic 
Itmeter  as  produced  by  a  direct  E.  M.  F. ;  and  an  alter- 
ing current  which  produces  the  same  heating  effect 
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i  direct  current,  have  lb*  -  im»  value,  and  which  v 
is  known  as  the  virtual  F.,  M,  F,  and  current 

I  his  virtual  value   if.  equal  to  .707  of  the   maximu: 
value.    Therefore,   an    alternating    E.    M.    F.   having 
maximum  value  of  150  volts,  would  have  a  virtual  vah 

<  •  1 1 1  >    i>f   150   X    .707  =    106  VOltS,  or  .1  ,111;,  nt   h.-iving 

maximum  value  of  60  amperes   ha    only  a  virtual  vah 
of  60  x  .707  =  4-'. .4  amperes 

Self-induction. — When  a  current  Rows  through 
wire,  the  wire  become  it  once  surrounded  by  whirls  1 
magnetic  lines,  such  as  is  shown  in  Fig.  218. 

\\  1  havi    'in  thai  by  coiling  the  wire,  this 
greatly  increased,  and  by  supplying  the  &  ii  with  a  *•> 
in. 11  i-<ire  whieh  nets  as  an  electro-magneti  the  effect 
furtlier  greatly  increased,     But   ihi*  self  mil!: 
alternating  current  tends  to  restrain  the  current  wh 
it  is  increasing,  and  in  consequence  prevents  the  amen 
from  obtaining  its  full   strength. 

The  greater  the  amount  of  this  self-induction  in  t 

circuit,  the  nmre  i-  the  strength  of  tin 
Tin-  effect  nf  self-induction  r>n  an  alt  ■  current 

therefore  to  increase  the  apparent  resistance,  ami  th«-n? 
fore  requiring  a  greater  E.  M.  F,  al  the  terminals  of  the 

circuit  than   in   tin    case   with  n  mm-inductivc  circuit. 
This  additional  resistance   ":'  the  circuit  dm-  to 
induction,  i-.  called  reactance  to  distinguish  it  from  the 
ohinic  resistance  of  the  comliii-t-  n 

The  combined  effect  of  the  reactance  and  the  ohm 

resistance,  is  called  impedance. 

In  order,  therefon  .  to  find  the  value  of  an  alter 
nating  current,  the  applied  E.  M.  F.  must  be  divided  b 
tii<-  impedance  of  the  circuit. 

\'i'W,  when  two  coils  are  placed  so  that  the  ma 
netic  whirl,  of    flux    as    it  is    called,  of   one    coil    passes 
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i rough  the  other  coil,  an  E.  M.  F.  is  induced  in  the  lat- 
x  coil. 

This  requires  the  current  in  the  first  coil  to  vary  or 
ternate,  as  is  always  the  case  when  an  alternating 
irrent  is  used. 

7."  it"*  coils  are  supplied  with  an  iron  core,  the  re 
ictance  of  the  magnetic  current  through  the  coils  will 
e  very  much  reduced,  and  in  consequence  the  flux  will 
e  much  increased,  thereby  greatly  increasing  the  effi- 
iency  of  the  apparatus. 

It  is  alone  upon  this  principle  a  transformer  is  con- 
ducted, which  apparatus  is  nothing  more  than  an   in 
luction  coil. 

Transformer. — When  an  alternating  current  is  used 
in  one  wire,  it  induces  a  current  in  an  adjacent  wire. 
This  induction,  however,  takes  place  only  during  the 
period  of  an  increase  or  decrease  in  the  intensity  of  the 
current. 

The  coil  to  which  the  original  energy  is  supplied  is 
called  the  primary  coil,  while  that  in  which  the  current 
is  induced  is  called  the  secondary  coil.  On  page  751  is 
shown  the  ordinary  construction  of  a  transformer. 

The  type  of  transformer  here  shown  is  what  is 
known  as  the  Ruhmkoff  coil,  and  is  intended  to  give  a 
current  of  greater  potential  or  higher  voltage  in  the  sec- 
ondary coil  than  exists  in  the  primary.  It  is  what  is 
technically  called  a  step-up  transformer,  that  is,  one  by 
which  the  voltage  from  the  primary  to  the  secondary 
current,  is  increased,  the  latter  having  more  turns  of 
wire. 

Essential  Parts  of  Transformers. — A  transformer 
"ay  be  said  to  consist  merely  of  a  coil  of  wire  placed 
within  and  carefully  insulated  from  another  coil.  With- 
in the  inner  coil  there  is  a  soft  iron  core,  similar  to  that 
°f  an  electro-magnet.     In  the  practical  transformer,  this 
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is  made  up  of  a  number  of  plates  or  wires,  andth* 
entire  apparatus  Is  usually  inclosed  in  a  water  proof 

in  order  tli.-it  it  may  lie  placed  out  of  doors  Si 
viatc  the  necessity  for  carrying  the  high  tensile  cum 
into  a  building. 

Application  of  Transformers. — Next    in    impoi 

to  the  discovery  and  utilization  by  Faraday  of  the  !in 
Of  force  for  the  production  of  an  electric  current. 
application  of  the  induced  current  for  the  trans.: 
with   safety    ami    through   great    distances    of  an  clectrr: 
current. 

We   have  seen  that  the  resistance  of  a 
wire,  to  the  passage  of  an  electric  current  increases  with 
its  length,  and  that  long  lines  require  a  stronger  b 
or  current  tor  tin  ir  operation  than  do  short  ones.    Thi* 
increased  resistance  of  lony  lines  is  one  of  the  gr<; 
vtaeles  to  be  overcome  in  the  conveyance  of  an  el 
current   over  great   distances.      If   the   current  is  of  lo* 
voltage,  it   does  not  have  sufficient   intensity   • 
the  resistance  of  the  line  unless  the  resistance 
very  low;  and  this  low  resistance  cannot  be  obtained  M 
less  the  wires  are  made  very  large, 
conductors,  are  usually  made  of  copper,  the 
cost  for  such  large  wires  would  make  their  adop'  i 
possible  for  practical  purposi 

The  other  alternative  for  long  distance  tran 
is  the  use  of  a  small  wire  and  a  high  voltage,  but  »nf»* 
high  voltages  cannot  be  used  in  ordinary  electrical  wt*k 
as  tin  \  an  extremel)  dangerous,  both  from  the  >tand- 
point  of  safety   and   danger   from    I 

The    means   employed    to   overcome   both    ol 
serious  difficulties  is  to  use  a  small  wire  for  the  trans- 
mission of  the  current  at  an  excessively   high   voltage 
and  then,  at  the  point  of  utilization,  insert  a  transfo 
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the  circuit,  by  means  of  which  the  voltage  can  be 
:atl y  decreased,  so  that  it  can  be  used  with  safety,  and 
moderate  cost  for  any  character  of  electrical  work. 

Should  it  be  desired  to  send  out  a  current  of  low 
itage,  and  greatly  increase  it  at  the  point  of  utiliza- 
n.  a  step-up  transformer  as  it  is  called,  is  used.  On 
s  contrary  should  it  be  desired  to  send  out  a  current 
high  voltage  and  decrease  it  so  as  to  be  handled  with 
ety  inside  of  buildings,  a  step-down  transformer  is 
mi  used. 

The  principle  upon  which  these  two  types  of  trans- 

rmers  act,  is  practically  the  same.  The  Ruhmkoff  coils 

above  described  is  a  type    of   the    so-called    step-up 

insformer.     The  only  difference  in   their  construction 

in  the  winding  of  the  primary  and  secondary  coils. 

Multiphase  Alternators. — An  alternator  which  sup- 
ies  only  a  single  current  to  the  external  circuit  is  known 
>  a  single  phase  machine,  while  one  supplying  two  or 
iree  currents  is  known  respectively  as  a  two  and  three- 
hasc  alternator,  or  polyphase  or  multiphase  machine. 

Two-Phase  Alternators. — The  number  of  currents 
o  supplied  to  the  external  circuit,  depends  entirely  upon 
tie  armature  windings. 

With  a  single  phase  machine,  only  about  one-half 
•f  the  surface  of  the  armature  is  wound.  Should  an  ad- 
litional  winding  be  placed  on  the  armature  in  the  space 
left  vacant,  then  two  separate  and  distinct  currents  can 
be  supplied  over  the  same  circuit  at  the  same  time,  and 
the  alternator  is  then  designated  as  a  two-phase  machine. 

This  additional  winding  between  the  original  coils, 
fenerates  a  maximum  K.  M.  F.  when  the  other  coils  are 
not  cutting  the  lines  of  force,  and  hence  their  E.  M.  F. 
is  zero,  but  when  these  windings  are  at  their  maximum. 
fen  the  added  windings  are  at  zero. 
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In  Fig.  222  is  shown  the  phase  relation  of  the  cnt» 
rents  supplied  by  their  two  externals  and  independent 
circuits.  The  curve  I,  represents  the  value  of  the  cur 
rent  given  by  one  armature  circuit,  and  curve  2  repn> 
sents  that  given  by  the  other  circuit. 

In  a  two  |'lia  ■    alternator,  when  the  circuits  are 
dependent,  then  mtttt  therefore  be  four  external  wir 
and  four  Collecting  rings. 

Three- Phase  Alternators. — In  the  same  way 
armature  may  lie  made  to  supply  three  separate  and  d 
tinct  currents  to  the  external  circuit,  all  differing 
phase,  i-  e.,  not  in  step. 

When    the    windings    are    all    independent    of  ead 
other,  six  wires  will  be  then  required,  but  usually  i 
three  windings  are  combined  SO  as  to  require  only  thnU 
external  wires. 

In  Fig.  222  is  shown  the  value  of  the  two  curren 
in  armature  windings,  in  which  diagram  i  and  2  repre 
the  two  respective'  currents,  while  3  represents  the 
combination,  or  the  actual  curve  produced 

Rheostat. — This  1-  ■  resistance  that  can  be  varied 
Willi  usually  consisting  of  a  resistance,  such  as  coili 
wire,    with    connections    at    ^liurt    intervals     termii 
metal  contacts  arranged  in  a  circle,  such  as  is  shown 
Fig-  234. 

On   inserting   this    resistance,  or  rheostat,  bctw 
the  Beld  coil,  connecting  it  usually  in  the  shunt  wind 
and  one  of  the  brushes,  the  current  in  the  field  coil 
be  perfectly  controlled,  and  thereby  the  voltage  of  tl 
machine. 

When  the  load  increases  and  the  effective  vol 
tends  to  drop,  it  is  only  necessary  to  cut  out  some  of 
resistance  in  the  rheostat  by  moving  the  sliding  con 
piece,  thus  permitting  more  current  to  flow  lhroit| 
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creasing  the  magnetism,  and  thereby  raising  the 

be  machine. 
this  way  the  amount  of  resistance  in  scries  with 
I  can  be  perfectly  regulated  at  all  times, 
arity. — By  this  is  meant  the  possession  of  poles, 
►site   properties,  at  opposite   ends.     This  attrac- 

I    repulsion    |  '1  by  all   poles  of  a   magnet 

nes  the  direction  of  Bow  of  the  currant  and  the 
fence,  two  or  mora  electrical  machines  cannot  be 

together  unless   tin  ir  p..laril\    is  the  >;um- :  other- 
ill  resist  each  other, 
versing  Polarity. — The  simpliesl    way   to  change 
arity  .if  a  machine,  is  to  raise  the  brushes  and 

n  the  current  from  the  other  machine.     The  flow 

current  thnmgh   the  fields,  quick!)    reverses   the 
of  tins  machine,  thereby  making  the  polarity  of 

machiiv  me. 
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CHAPTER  XXVII. 

ELEVATORS. 

Definition. — The  term  elevator  is  applied  to  that 
iss  of  hoisting  machinery  used  to  raise  and  lower  a 
ge.  car,  platform,  etc.,  between  fixed  landings. 

In  many  foreign  conn  tries  thev  are  designated  as 
its." 

Principal  Parts. — The  following  are  their  principal 
rts:  (i)  The  motor.  (2)  The  car.  cab,  etc.,  with 
tides  and  counterbalance  weights.  (3)  The  trans- 
ission  device.  (4)  The  controlling  devices.  (5)  The 
fety  devices. 

Classification. — The  classification  of  elevators  is 
ade  according  to  the  motive  power  used  for  their  op- 
ation,  the  most  common  classes,  or  types,  being  hand 
rarer  elevators,  steam  elevators,  belt  elevators,  hydrau- 
c  elevators  and  electric  elevators. 

Counterbalancing  Weights. — In  all  elevators,  regard- 
;ss  of  the  type,  the  weight  of  the  car  is  counterbalanced. 
othat  its  entire  weight  and  fixtures  is  not  a  dead  weight, 
>ut  only  the  difference  between  the  weight  of  the  car 
Hid  the  counterweight. 

It  is  usual  to  attach  the  counterweight  to  the  car  by 
means  of  a  separate  rope  which  is  lead  over  one  or  more 
overhead  sheaves. 

The  counterweight  must  he  lighter  than  the  weight 
«'  the  empty  car  and  fixtures,  so  that  the  car  may  de- 
scend when  empty  by  its  own  weight,  and  the  power 
lecessary  to  raise  the  car  must  then  be  only  sufficient  to 
aise  the  load,  plus  the  unbalanced  weight. 

Overbalanced. — When  the  power  must  be  applied 
uring  both  the  up  and  the  down  trip,  the  car  is  said  to 
■  overbalanced.     This  is  usually  done  in  all  drum  ele- 
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vators,  they  being  made  with  the  motor  ami  ilrum 
siblc. 

Counterweights. — These  arc  generally  made  of 
iron  blocks,  carried  in  a  frame  and  guided  by  suitafa 
guideways.     The   guides   are   usually   made  of  T 
though  wood  is  sometimes  used. 

Chains. — To  avoid  the  extra  weight  of  ropes  in 
buildings,  balancing  chains  art  often  used,  which 

hunjj  from  tin-  bottom  of  the  car. 

Controlling    Devices. — Such    devices    consist 
tially  Of  -"ini    form  Of  power  control,  as  a  wheel  or 
and  ■  brake.     The  shipper  rope  which  passes  through  I 
car  and  is  connected  to  the  controlling  motor,  is  the  sin 
plOBt  form  of  motor  control.     As  a  delicate  adjust 
cannot  be  obtained  with  such  a  control,  and  as  such 
rope  is  also  dangerous  from  any  broken  strands  whk 
may  catch  in  the  passage  of  the  rope  through  the  hi 
of  the  operator,  this  form  of  control  is  not  now  gene 
ally  used. 

In  order  to  overcome  these  objection*  van 
vices  are  used  Wr  changing  the  motion  Of  a  shipper  rn 
into  the  motion  of  a  lever  or  crank. 

In  Fig.  251  is  shown  two  of  the  most  generally 
control  devices. 

In  the  arrangement  shown   in   (11   there  is  a  thre 
arm  lever  L  in  the  car.  the  long  arm  of  which  is  mov< 
to  the  right  or  left  by  the  operator,  according  as  he 
sires  the  car  to  go  up  or  down. 

To  each  of  the  shorter  arms  i>  connected  a  rope 
running  down  and  over  an  idler  carried  by  another  thrc 
arm  lever  R.  which  i<  pivoted  at  the  l)Ottom  of  the  hois 
way.      The  arrangement   ami    Operation   of  the   ropes  ca 
be  dearlj   Been  from  the  diagram 

The  arrangement    shown    in    (2)    is    the    usual   ope 
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ating  device  employed  by  the  <  )tia  Elevator  Company' 
their  hydraulic  lifts. 

In  this  arrangement  it  will  be  noticed  »  hand-wheri 
is  substituted  for  the  lever.     Such  a  device  is  called 
hand-wheel  controller,   while   the   control  shown  in  t 
first  diagram,  is  known  as  lever-controllers. 

Electric    Controllers. — Such    controllers 
combinations  of  switches  and  resistances,  and 
serve   the  same   purpose   as   the   mechanical   cor. 
above  described,   their  operation   i-   altogether  differ 
as  will  be  seen  from  th«-it  description  hcreaft* 

Safety   Devices. — Such   devices  are   usually 
into  two  classes,  viz.:     I  l)Those  that  control  the  moti*t 
power  itself,  which  are  called   Motor  Safctie 
Those  that  control  the  operation  of  the  car,  which 
called  Car  Safeties. 

Limit  Stops. — The  most  generally  rety  A 

vice  of  the  first  class,  or  motor  safeties,  is  the  limit  stop- 
Tins  consists  of  two  knobs,  or  buttons,  so  placed  on  *» 
shipper  rope  that  should  the  operator  fail  to  stop  the  of 
v.  In  i)  the  car  reaches  the  limit  of  its  travel,  it  will  strike 
against   one  of  these  knobs,  or  buttons,  and   thus 
matically  operate  the   shipper  sheave,  thereby  stoppflf 
the  car  before    doing   any   damage.     These   buttons  »rc 
placed  both  at  the  top  and  bottom  limit  of  the  travel' 
iln    car,  so  as  to  shut  off  the  power  should  thi 
fail   to  do  SO,  cither   in   going   up  01    coming   d 
the  car. 

Owing  to  liability  of  these  buttons  -lipping  or  br 
ing,   they  arc  no  longer  relied    upon    for  but 

only  used   ;i-   an   additional    precaution  to  the   lift 
which  is  placed  on  the  motor  it-clf. 

Limit  Stops  on   Motors. — For   drum   elevat 
limit  stops  are  usually  constructed  as  follows:     A  sat| 
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read  is  cut  on  a  continuation  of  the  drum  shaft,  and  a 
ir-wheel,  the  hub  of  which  forms  a  nut,  is  placed  on 
i  threaded  portion  of  the  shaft.  This  gear-wheel 
shes  with  another  gear-wheel  bolted  to  the  shipper 
nve.  The  hub  of  the  wheel  has  claws  on  either  side, 
Tesponding  to  similar  claws  formed  on  two  other  nuts 
it  are  clamped  securely  to  the  drum  shaft. 

When  the  wheel  travels  either  way,  it  will  event- 
lly  be  engaged  by  one  or  the  other  of  the  revolving 
ts  and  be  swung  around  carrying  with  it  the  shipper 
ave,  with  the  effect  of  cutting  off  the  power  and  ap- 
'ing  the  brake. 

Slack  Cable  Safety.— It  often  happens  that  the  ele- 
torcar  is  obstructed  in  its  descent  by  gummy  guides,  or 
!  car  is  hastily  stopped  by  the  operator,  causing  the 
lie  to  continue  to  pay  out  as  the  motor  continues  to 
n. 

This  may  permit  the  car  to  drop ;  or  should  it  be 
sting  on  the  bottom  of  the  hoistway,  the  slack  cable 
ly  cause  considerable  damage  by  getting  into  the  re- 
iving parts  of  the  machine. 

To  provide  against  such  an  emergency,  elevators 
(generally  equipped  with  a  safety  device  called  a  slack 
ible  safety. 

Such  a  device  consists  of  an  idler  which  travels  axil- 
tfy  on  its  shaft  with  the  hoisting  rope  along  the  drum, 
lie  shaft  is  supported  on  levers  which  are  pivoted  in  a 
onvenient  manner.  A  cord  leads  from  the  arm  of  the 
«W  over  sheaves  to  a  bell-crank,  one  arm  of  which  is 
tighted,  while  the  other  engages  a  clutch.  As  long  as 
ke  hoisting  rope  is  taut,  the  idler  is  pushed  outward 
pinst  the  weight  of  the  bell-crank ;  but  should  the 
misting  rope  become  slack,  the  weight  on  the  bell-crank 
•31  cause  the  clutch  to  engage  the  gear-wheel  mounted 
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loosely  on  the  drum  shaft,  causing  the  same  to 
with  the  dmn  shaft.     The  gear-wheel  meshes 
Other  gear-wheel  fastened  to  the  shipper  sheave, 
the  latter  around  as   the   hoisting  cable  bee 
and  in  this  way  the  power  is  Cttl  off  by  the  stopping 
the  motor. 

Legislation. — Owing  to  the  great  height  of  mod« 
buildings,  and  the  high  speed  with  which  pat 
vators  must  be  run.  there  should  be  a  monthly 
tion  made  of  all  passenger  elevators,  and  especially  | 
safety  devices  on  same. 

To  insure  such  an  inspection,  tin   owner  of  the 
vator  should  be  required  to  have  the  same  made  by 
duly  authorized  official,  under  a  heavy  penalty  for  fails 
to  do  so. 

Belt  Elevators. — Such  elevators  arc  driven  dire 
from   line-shafting.     They    arc   therefore    generally 
only  for  freight  service. 

Steam  Elevators. — I 'mil  recently  this  was  the 
popular  type  of  elevator  owing  to  it^  reliability 
Ciency.      It   still    is   favored   by    many   users,   thoi 
hardh  probable  that  it  will  <■ 
itaittlj  increasing  modern  requirements. 

Construction. — The  engines  used  fo  icrali 

are  duplex  engines  oi  the  vertical  ty| 

Both  the  slide  valve  and   piston   valve  arc  used 
manufacturers,  but  the  slide  valve  is  preferable, 
to  the  necessity  of  prompt  starting,  stopping  and 
ing  the  engine,  the  engines  are  made  duplex.      The 
valve  used  is  known  as  a  reversing  valve,  the 
tion  of  which  is  fully  shown  in  Fig.  252, 

Steam    Cylinder    for    Crane    Reversing    Enj 
Steam  enters  at  D  and  fills  the  cheat  A      If  the  cha 
valve  I"  is  moved  to  the  position  shown  in  Fig.  1 
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28.  Drum  stand  cap. 

29.  Driving  pinion. 

30.  Internal  gear. 

31.  Drum. 

32.  Brake  weight. 

33.  Brake  lever  and  roller. 

34.  Brake  cam 

35.  Right  ami  left  connection. 

48.  Automatic  stop  worm   wheel  and   pinion 
(covered,). 

49.  Slack  cable  level 

50.  Slack  cable  lever  link. 

51.  Slack  cable  reversible  shaft. 

52.  Slack  cable  bracket  for  reversible  shaft. 

53.  Slack  1  able,  arms  ai 

54.  Brake  crank. 

55.  Brake  block'-  or  wood. 

56.  Brake  band. 
The  above  part*  are  given  foi  ;i  fuller  1 

of  the  automatic 

'!  In-   elevators  arc  usually  overbalanced  wl 
with  worm-gearing,  but  like  bell  elevaton 
balanced  when  made  ■-*-  •  1 1 »  spur-gears. 

Hydraulic  Elevators. — This  I  led  as  thr 

safe  type  -if  elevators,  especially  f<«r  high  lifts 
speeds. 

The  simplest   form  is  the   dire, 
elevator,  but  this  form  is  no)  as  generally 
piston  type  of  this  elevati  1 

The  must  serious  objection  t"  the  plum 
i-.  the  large  amount  of  space  required  for  it->  opci 
and  also  the  large  volume  of  water  required.  T 
due  t<i  the  hydraulic  cylindei  and  plunger  having  a  I 
equal  to  llic  lift. 
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piston  elevator,  the  hydraulic  cylinder  can  be 
much  shorter  by  introducing  multiplying  sheaves. 

lunger  Elevator. — The  plunger  elevator  is  conform- 
for  cither  passenger  Of  freight  service  and  has  a 
legrec  of  efficiency,  due  to  the  fact  that  the  power 
rtcd  direct  without  the  intervention  of  sheaves  or 
i.  The  car  is  always  supported  from  beneath  by 
linger,  and  therefore  there  is  no  necessity  for  pro- 
5  it  with  the  safety  appliances  used  on  the  car  in 
types  of  elevatoi  I  taring  to  the  fact  that  a  cylin- 
F  a  length  equal  to  the  car  travel  must  be  sunk  in 
■ound.  the  fthi     oil  has  a  considerable  bear- 

the  cost  oi  the  installation 

'or  passenger  service,  plunger  elevators  are  built 
travels  as  high  as  225  feet  and  with  speeds  as  great 
O  feet  per  minute.  For  freight  service,  they  are 
with  a  lifting  capat  it)  up  to  80.000  pounds. 

lydraulic     Plunger     Elevator. — The    <  His     Pulling 
jcr  Type  of   Hydraulic    Elevator  differs   from   any 
in  1  In   respect  that  when  lifting  the  load  it  does  not 
me  w;iter.  hut  discharges  it  from  the  cylinder. 

B  tins  elevator  the    weight    of    the   plunger    itself, 

solid  steel,  lifts  the  load,  the  plunger  descend- 

Ito   the  cylinder  .is  the  car  rises  in  the  hatchway. 

ration  is  reversed  and  the  car  descends,  the 

II  pumped  up  to  the  required  pressure  and.  assisted 

ight  of  the  oar,  raises  the  plunger  and  the  1  Bl 

nds. 

||  vatOT  V  gned  to  meet   the  requirements 

;h  buildings,  and  on  ■> ml  of  its  economy  in  op- 

n,  very  high  Speed,  and  the  extreme  rapidity  with 
Stop!  and  Starts  can  he  made,  ranks  high  among 
ulic  elevators. 
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As  this  machine  is  operated  under  a  medium  prt*- 
surc.  rarely  exceeding  250  pounds  pei  square  inch,  it  i> 
possible  to  use  the  compression  tank  system. 

The  compression  tank  is  usually  placed  in  the  b 
ment  and  the  discharge  tank  either  on  the  roof  <>r  in  any 
convenient  location  at  least  as  high  as  the   top  oi  tlv 
cylinder,  so  that  the  cylinder  is  always  filled  with  water, 
thereby  acting  as  a  safety  brake. 

Piston  Type. — There  arc  two    types    of    the   r 
elevator  in  general  use,  viz.:     (1)     The  vertical,  and  (j) 
The  horizontal  type. 

Vertical  Hydraulic  Piston  Elevators. — Where  space 
is  limited,  this  is  the  preferable  type  as  il  is  always  casi*» 
to  obtain  head-room,  than   it   is  floor  space. 

Construction. — In   Fig.  254  is  shown   the  parts 
general  construction  of  this  type  of  cleval 

Controlling  Device. — The  controlling  device  con 
sists  of  a  balanced  three-way  valve  operated  1>\  ;i  ship 
per  rope  in  the  usual  manner. 

The  action  of  the  motor  under  its  control 
lows:     The  space  of  the  cylinder  above  the  piston  is  al- 
ways under  water  pressure,   the   supply   pipe   bei 
rectly  connected   with  a   space   through   the   circulating 
pipe.     The  other  end  of  tin  circulating  connected 

between  the  two  valve  pistons  in  the  valve  chamber,    I' 
the  valve  pistons  be  moved  downwards,  so  ai 
the  upper  valve  chamber,  ami  in  this  way  tli. 
the  cylinder  above  the  piston,  into  commtinicatiov 
the  space  below  the  piston,  there  will  be  the  same  water 
pressure  on  both  sides  of  the  piston. 

Thereupon,  the   car  being  heavier   than   the  piston 
with  the  counterweights,  will  cause  the  latter  to  a 
while  the  car  itself  is  descending,  and  by  which  opera- 
tion the  water  from    above    the    piston    will    be    forced 


i<:ftl  Hydraulic  Vaanenger  and  Freight  M&cWuc 
Fig.    2&i. 
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through  the  circulating  pipe  into  the  space  tin 
piston.  For  the  ascent  of  the  car,  the  valve  pist 
reversed  so  as  to  put  the  space  of  the  cylinder  be! 
piston  into  communication  with  the  discharge  pipe 
places  all  the  pressure  on  the  top  of  the  piston. 
ii  descends  it  raises  the  car. 

Pilot  Valves. — Instead  of  using  the  ordinar 
valve  alone  to  guard  against  shocks;  for  high  sp 
draulic  elevators,  by  which  is  meant  elevators  tha 
600  feet  per  minute  or  more,  an  additional  valve  1 
pilot  valve,  or  auxiliary  valve  as  it  is  sometimes 
is  used. 

Horizontal  Hydraulic  Piston  Elevators. — Th 
vators  arc  usually  made  (1)  Compression  type. 
Tension  type,  but  as  the  lattei  type  ia  now  --ilmos 
sively  used,  it  alone  will  he  considered. 

In  Fig.  255  is  shown  a  horizontal  hydraulic 
ger  elevator  with  the  different  parts. 

Parts.— 

1.  Cylinder. 

2.  Closed  or  back  cylinder  head. 

3.  Open  or  front  cylinder  head. 

4.  Buffer. 

5.  Crosshead. 

6.  Machine  sheaves. 

7.  Machine  sheaves  shafts. 

8.  Double  or  crosshead  cable  c 

9.  Small  or  crosshead  buffer  ring. 
g'/i.     Large  01   pi.st«-n  buffer  ring  (covered). 

10.  Carwheel. 

11.  Carwheel  shaft. 

12.  Piston  rod. 

13.  Cable  roller. 
14  Cable  roller  shaft  and  oil  cup. 
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15.  Cylinder  drawbars  and  clevises. 

16.  Cylinder  head  arms. 

17.  Triple  or  blackhead  cable  guard. 

18.  Guard  rods  and  pipes. 
IQ.  Guide  rail  stand. 
20.  Guide  rails. 
81.  Buffer  bolts. 

22.  Cylinder  arm  brace. 

23.  Automatic  stop  tappet. 

24.  Automatic  stop  cam  rollers. 
35.  Automatic  stop  cam. 

26.  Automatic  stop  cam  balance  lever. 

27.  Automatic  stop  cam  balance  lever  weigh 

28.  Automatic  stop  front  head  bracket  or  cam  9 

29.  Automatic  stop  tappet  rod 

30.  Automatic  stop  !        !  clamp  button. 

31.  Automatic  stop  tappet  r.ilicr. 

32.  Automatic  stop  erosshead  bracket. 

33.  Automatic  stop  tappet  rod  guide. 

34.  Automatic  stop  tappet  rod  guide  pipe. 

35.  Automatic  stop  floor  plate. 

36.  Automatic  stop  connecting  rod. 

37.  Automatic  stop  connecting  rod  turnbuckl 

38.  Automatic  stop  connecting  rod  fork  end. 

39.  Automatic  stop  valve  stem  rocker  or  leve 

40.  Automatic  stop  valve  stem  rocker  shaft. 

41.  Auxiliary  change  valve. 

42.  Automatic  stop  valve. 

43.  Rocker  arm  with  drawbar  and  clevises. 


Construction. — Both    the    fixed    and    the    I 
sheaves  are  located  at  the  front  of  the  cylinder,  t 
sheaves  being  mounted  in  the  erosshead  at  an  ang 
the  horizontal  plane.     In  order  to  occupy  as  little 
space   as   possible   the  cylinders  are   made    ver\ 
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hich  necessitates  a  high  ratio  of  the  transmitting  de- 
ices.  This  ratio  is  generally  chosen  as  10:1,  by  which 
meant  that  for  every  i  foot  that  the  piston  moves,  the 
kr  will  travel  a  space  of  10  feet.  After  the  automatics 
o  into  operation  the  car  should  run  five  or  six  feet  to 
void  the  jar  of  a  too  sudden  stop. 

The  general  construction  of  the  horizontal  type  is 
milar  to  that  of  the  vertical  type,  the  chief  difference 
ring  in    the  safety  limit  stops. 

Safety  Limit  Stops. — The  construction  and  opera- 
ion  of  this  stop  is  as  follows:  The  valve  has  three  pis- 
Ons.  of  which  the  first  two  serve  to  close  the  circular 
ipenings  leading  from  the  inlet  to  the  outlet. 

The  valve  stem  is  connected  by  a  lever  and  rod  to 
i  cam  pivoted  to  the  frame  of  the  machine.  This  cam 
s ordinarily  held  between  two  rods  by  means  of  a  weight 
ittachcd  to  it.  The  rollers  arc  placed  on  a  movable 
frame  guided  horizontally  as  shown  and  called  the  tap- 
jet  On  the  guide  rod  of  this  tappet  arc  fastened  the 
hit  stop  buttons  to  the  right  and  left  of  a  projection 
«  arm  on  the  cross  of  the  traveling  sheave.  In  either 
tf  the  extreme  positions  of  the  crosshead,  the  arm  comes 
«  contact  with  one  or  the  other  of  the  buttons,  push- 
up the  tappet  and  thus  operating  the  stop  valve,  and 
Hutting  off  the  communication  between  the  main  valve 
od  the  cylinder. 

Dash  Relief  Valve  for  Pumps. — As  the  functions  of 
his  valve  arc  not  generally  understood,  in  Fig.  256  is 
hown  a  sectional  view  of  same,  the  general  construction 
f  the  valve  being  as  follows: 

Construction.— "A"  is  the  exhaust  port,  "B"  the  ad- 
lission  port,  and  "C"  a  valve  connecting  them,  fittted 
ith  a  spindle,  working  through  a  stuffing-box,  and  con- 
DUed  from  the  outside  of  the  cylinder  by  a  hand-wheel, 
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will  be  seen  that  when  til  B  travelling  in  the  di- 

ction indicated  covers  the  opening  of  the  esduust  pott 
shown,  the  volume  of  steam  remaining  in  the  cylinder 
no   longer  escape   if  the   relief   valve   is  closed,   but 
■mediately  forma  ■  cushion,  whereas  if  the  relief  valve 
open  as  shown  in  sketch,  the  steam  flows  by  the  ad- 
D  port  through  the  relief  valve  to  the  exhaust  port, 
Hid  the  piston  continues  its  stroke. 

In  this  way  the  amount  of  steam  cushioned  can  be 
ed  by  adjusting  the  relief  valve,  and  perfect  con- 
over  the  length  of  the  stroke  can  be  maintained. 


OW  TO  PACK  HYDRAULIC  VERTICAL  CYLIN- 
DER ELEVATORS.  AS  GIVEN  BY  THE 
MANUFACTURERS. 

Packing  Vertical  Cylinder  Piston  from  Top. — Run 

car  to  the  bottom,  and  close  the  gate  valve  in  the 

tapply  pipe.     Open  the  air  cock  at  the  head  of  the  cylin- 

r,  and  also  keep  open  the  valve  in  the  drain  pipe  from 

!-■  of  the  cylinder  long  enough  to  drain  the  water 

the  cylinder  down  to  the  level  of  the  top  of  the  piston. 

R  remove  the  top  head  of  the  cylinder,  slipping  it  up, 
on  rods  out  of  the  way.  ami  fasten  there.     If  the 
•ton  is  not  near  enough  to  the  top  of  the  cylinder  to 
e  accessible,  attach  a  rope  or  small  tackle  to  the  main 
shies  (not  the  counterbalance  cables),  a  few  feet  above 
Ik  car.  and  draw  them  down  sufficiently  to  bring  the 
•iston   within   reach.     Remc       the   bolts   in    the   piston 
r    by    meant    of    the    socket    wrench    furnished 
br  that  purpose.     Mark  the  exact  position  of  the  piston 
tlowcr  before  removing  it,  so  that  there  will  be  no  dif- 
Ity  in  replacing  it.     On  removing  the  piston  follower 
will   find  a  leather  cup   turned  upwards,  with  coils 
$i  inch  square  duck  packing  on  the  outside.     This  you 
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will  remove  and  clean  out  the  dirt,  also  deal 
holes  in  the  piston,  through  which  the  water 
the  cups.     If  the  leather  cup  is  in   good  condition, 
place  it,  and  on  the  ootside  place  three  new  coils  of  ■ 
inch  square  duck  picking,  being  careful  that  they 
joints,  and  also  that  the  thickness  of  the  three  coil*  i 
and  down  does  not  fill  the  space  by  *i  inch,  as  in 
case  the  water  might  swell   the  packing  sufficu 
cramp  it  in  this  space,  thus  desi:  r  to  i 

p.md.     If  too  tight,  strip  off  a  few  thicknesses  of  canv 
Replace  the  piston  follower,  and  let  tin-  piston  1I0W 
its  right  position.     Replace  i In-  cylinder  head,  ami 
ually  open  the  gate  valve  in  the  supply  pipe, 
sure  that  the  operating  valve  is  on  the  center.     As  i 
as  the  air  has  escaped,  close  the  air  cock  and  the  elewa 
is  ready  to  run. 

Packing  the  Vertical  Cylinder  Valves. — To  pack  1 
valve  run  the  car  to  the  bottom  and  close  the  gate  nl" 
in  the  supply  pipe.  Then  throw  the  operating  vakr  i 
the  car  to  go  up,  open  the  air  cock  at  the  head  of  I 
cylinder,  and  the  valve  in  tin-  drain  pipe  at  the  bott* 
and  the  water  will  drain  out  of  the  cylinder.  Wheal 
cylinder  is  empty,  reverse  the  valve  for  the  car  to 
down,  so  as  to  let  the  water  out  of  the  circulating 
In  cases  of  tank  pressure,  where  the  level  of  the 
in  the  lower  tank  is  above  the  bottom  of  the  cylsnd 
the  gate  valve  in  the  discharge  pipe  will  have  to  beck* 
as  soon  as  the  water  in  the  cylinder  is  on  a  level 
that  in  the  tank,  allowing  the  rest  to  pass  through 
drain  pipe  to  the  sewer.  As  soon  as  the  water  has 
drained  off,  take  off  the  valve  cap  and  remove  the 
sluft  and  sheave,  marking  the  position  of  the  sheave; 
the  relation  which  the  teeth  on  the  pinion  bear  to  tk« 
teeth  on  the  rack  before  removing.  You  can  now  t»ft 
out  the  valve  plunger,  and  put  trie  new  packings  o 
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the  same  position  u  fOV  find  the  old  ones.     Replace  all 
the  parts  as  first  found. 

Before  refilling  the  cylinder,  close  the  valves  in  the 
drain  pipes,  but  leave  the  air  cock  at  the  head  of  the 
cylinder  open,  and  be  careful  that  the  operating  valve  is 
in  position  for  the  car  to  go  down.  Gradually  open  the 
ptc  valve  in  the  supply  pipe.     When  the  cylinder  has 

!  with  water  and  the  air  has  escaped,  close  the  air 
cock  and  open  the  gate  valve  in  the  discharge  pipe 

Packing  Horizontal  Hydraulic  Elevators. — Run  the 
to  within  one  foot  of  the  exm-tu    top  and  secure  it 
the  overhead    beams   with    chain  or  rope.     Close  the 
valves  in  the  supply  and  discharge  pipes  and  open 
air  cock  in  the  small  pipe  leading  to  tin-  valve.     Then 
H    the   water  frotu  tin-  cylinder  by  opening  the  stop 
k   in   the  drain   pipe  leading   from  below  the  supply 
N'ow  remove  the  buffer  across  the  front  end  of 
'inder  and  slide  it  along  the  piston  rod  out  of  the 
way.     Remove  the  follower  by  taking  off  the  nuts.  With 
1  hooked  piece  of  wire  take  out  the  old  packing.     Raise 
tbe  piston  head  up  till  it  is  in  the  center  of  the  cylinder. 
If  the  cylinder  is  found  to  be  in  good  condition    nit  off 
four  rings  of  one  inch  square  lubricated  fihrous  packing 
nine  inches  longer  than  the  circumference  of  the  cylinder, 
cc   the  two  ends  of  a   ring  together  and  form  tucks 
h   the  balance.     Force  these  tucks  in.  one  at  a  time, 
with  a  hard    wood    stick    until    all  is    level   against    the 
head.     1'rocccd  in  same  manner  with  remainder  of  pack- 
So  arrange  packing  that  the  joints  in  the  different 
do  not  come  together.     If  the  cylinder   is   badly 
use  square  pure  rubber  packing  for  the  first  and 
ring  and  make  the  ruld>er  rings  but  one  inch  longer 
n  the  circumference  of  the  cylinder.     This  rubber  in- 
sures a  backing  for  the  fibrous  packing.     After  putting 


776 


STATIONARY    KNG1NEKR1NG. 


packing  in  position,  replace  the  follower  and  screw  ike 
tints  oil  with  the  lingers,  until  the  follower  is  cktt 
against  the  packing.  I  Hj  two  of  the  studs  opposite  each 
Other  will  be  found  jam  nuts.  Set  these  out  against  tie 
follower  and  tighten  with  a  wrench.  Replace  the  buffer 
and  draw  the  large  nuts  up  tight.  Close  the  drain  coefe  | 
and  shift  the  operating  valve  for  going  up.  Open  ur 
gate  valve  in  the  supply  pipe  and  fill  the  cylinder.  What 
cylinder  is  idled  close  the  air  cock.  As  the  car  in  tb* 
first  place  was  not  at  the  extreme  top,  the  pressure  * 
the  Cylinder  will  run  the  piston  head  up  against  the  mi- 
dline buffer  and  the  car  will  ascend  to  thi-  exi 
The  fastenings  may  then  be  removed,  'throw  the  op- 
erating valve  on  the  center  and  open  the  discharge.  The 
elevator  is  then  in  readiness  to  descend.  Do  not  make 
any  trips  until  the  cylinder  is  thoroughly  greased.  Con- 
tinue greasing  twice  a  week. 

In  the  course  of  time  leaks  will  occur  in  the 
dor.      Loosen  the  jamb  nuts  back  of  the  follower  and  s^! 
up  the  nuts  on  the  studs  equally  until  the  leak  is  stopped- 
Then  rctightcn  the  jamb  nut.-. 

Otis  Gravity  Wedge  Safety. — I.     Under  the  car  is  ■ 
heavy  hardwood  safety  plank,  on  each  end  of  which  il  an 
iron  adjustable  jaw,  enclosing  the  guide  on   tin- 
post.     In  this  jaw  is  an  iron  wedge,  withheld  Iron 
tact  with  the  guide  in  regular  duty.     Under  the  wcii|5* 
is  a  rocker-arm,  or  equalizing  bar,  with  one  of  the  lift- 
ing  cables,   attached   independently   at   each   extremity. 
The  four  lifting  cables,  after  being  thus  attached.  p»» 
over  a  wrought  iron  girdle  at  the  top  of  the  car.     Ea:b 
cable  carries  an  equal  strain,  and  the  breaking  of  any  or.e 
cable  puts  the  load  on  the  other  cables,  which  throw*  tht 
rocker  out  of  equilibrium,  and  forces  the  wedges  on  both 
sides  instantly  and  immovably  between  the  iron  jaws  ot 
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I  plank-  and  tin  side  of  the  guidt  t,  stopping  the 
It  m:i  iny  position  by  the  unbroken 

,  though  it  can  not  be  lowered  until  a  new  cable 
5  put  on. 

2.  Any  cable  will  always  Stretch  before  it  breaks, 
fhich  will  throw  the  equalizing  safety  bat  <  m t  of  equi- 
i!.rii!m  fend  force  the  wedges  on  both  Sides  into  iwsition. 
io  other  safety  device  will  give  warning  in  advance. 

In  Fig.  257  is  shown  an  ordinary  elevator  cage  or 
ar,  with  its  principal  part^. 

Parts.— 
1.     Cage  beam. 
Gusvet  plates. 
Upper  guide  shoe. 
Platform  brace. 

■    platform. 

rating  lever. 
Operating  lever  quadrant. 
Half  moon. 
Drop  hanger. 
1  Operating  shaft. 
Channel  for  safely  plank. 
Governor  rope  sheave  on  safety  plank. 
Friction  jaws. 
Pins  for  friction  j; 
Spring  head  (plain). 
Safety  spring. 
Spring  head  connecting  bars. 

pling  roil  jaws. 
Coupling  links. 
Friction  jaw  supporting  link. 
Bottom  guide  shoe. 
Governor  rope  trigger,  complete. 
Upper  and  lower  beam  plates. 


2. 

3- 

4- 

S- 
6. 

7- 


10. 

11. 
12 

14- 

16. 

»7- 

18. 

19. 

20. 

21. 

22. 

23 

24- 


1 


Ble^tor  Car  and  Part.- 
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RE    OF    HALE    ELEVATORS.    AS    GIVEN    BY 


, 


THE  MANUFACTURERS. 


Keep  the  guiile  springs  on  the  girdle  above,  and  the 

plank  below  the  car  adjusted  so  that  the  car  will 

»t  wabble,  but  not  tight  enough  to  bind  against  guides. 

cables  are  drawing  alike,  the  equalizing  bars 

•ngcr  elevator  should  be  horizontal,  and   the 

free  from  contact  with  the  finger  shaft,  hut 

i  that  one  of  them  will  come  in  contact  with 

iger  shaft  when  the  equalizing  har  is  tipped  a  ccr- 

Mm  amount  either  way. 

If  the  safety  wedges  should  be  thrown  in.  or  rattle, 

|»hrn  di  ng,  the  cause  would  be  from  the  stretching 

i king  of  one  of  the  cables,  the  action  of  the  gov- 

ior,  or  from  weakness  of  either  the  spring  on  the  fin- 

ift.  safety-wedge  or  gummy  guides. 

■e.  if  occasioned  by  the  cable  Wretch 
ile  should  be  examined  thoroughly,  and  if  it 
weakness,  a  new  one  put  on,  otherwise  it  can  be 
cd  up,  as  stated  above. 
In    the  second  case,  the  car  had   prohably   attained 
\f  speed,  and  the  governor  simply  performed  its 
:    function. 
In  the  third  case,  new  springs  should  he  put  on,  and 
ie  guides  kept  clean,  for  it  often  happens  that  the  guides 
that   the  springs  cannot  well  prevent  the 
•edpes  catching. 

AH  the  safeties  should  he  kept  clean  and  in  good 
rder.  so  that  they  will  quickly  respond  when  called  upon 
5  perform  their  duty. 

To  loosen  the  wedges  when  thrown  in.  throw  the 
alve  for  the  car  to  ascend. 

Tf  the  wedges  are  thrown  in  above  the  top  landing, 
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remove  tlic  button  on  the  band  cable,  and  run  the 
lip  until  tin-  pistOll  stnk.s  tin-  bottom  of  the  cylinde 
If  this  i*  imt  sufficient  to  loosen  the  wedges,  the  car  wil 
have  to  be  raised  by  a  tackle. 

Keep  all  nuts  properly  tightened. 

If  traveling  or  auxiliary  sheave  bushing 
that  sheave  binds,  or  the  bushing  is  nearly  worn  througl 
turn  it  half  round,  and  thus  obtain  a  new  bearing.     If 
has  been  once  turned,  put  in  a  new  bushing. 

See  that  the  piston  rods  draw  alike.     U  tlity  do  not 
it  can  be  discerned  by  trying  to  turn  the  rods  with  the 
band,  or  by  a  groaning  noise  in  the  cylinder.     However 
this  groaning  may  also  be  caused  by  the  packing  beil 
worn  out,  in  which  case  the  car  would  not  stand  static 
ary. 

See  that  all  supports  remain  secure,  and  in  good  con 
dition. 

If  car  settles,  the  most  probable  cause  is  that  the 
valve  or  piston  needs  repacking.  If  packing  is  all  right, 
then  the  air  valve  in  the  piston  does  not  properly  seat 

If  tin  •  [U  springs  up  and  down  when  stopping,  the: 
is  air  in  the  cylinder.     When  there  is  not  much  air. 
can  often  be  let  out  by  opening  the  air  cock  and  runnin 
a  few  trips,  but  when  there  is  considerable  air,  run 
car  to  near  the  bottom,  placing  a  block  underneath  for 
it  to  rest  upon,  then  place  the  valve  for  the  car  to 
scend.     While  in  this  position  open  the  air  cock  and 
low  the  air  to  escape.    This  may  have  to  be  repeate 
several  times  before  the  air  is  all  removed. 

Keep  the  cylinder  and  con'  protected  frc 

frost.     Where  exposed,   the  easiest  way  to  protect 
cylinder  is  by  an  air-tight  box,  open  ;it   tin    b  ■:■ 
which  point  keep  a  gas  jet  burning  during  cold  weather. 


STATU)  N  AKY    KN'GINKBRI  NO. 


781 


there  is  steam  in  the  building,  run  a  coil  near  the 
ler. 

Keep  stop  buttons  on  hand  cable  properly  adjusted, 
i  that  the  car  will  stop  at  a  few  inches  beyond  either 
ndittg,  before  the  piston  strikes  the  head  of  the  cylin- 

Regulate  the  speed  desired  for  the  car  by  adjusting 
back  stop   buttons,  so  that  the   valve  can  only  be 
ncd  cither  way  sufficiently  to  give  this  speed. 
Occasionally  try  the  governor  to  see  that  it  works 
(itipcrly. 

Keep  the  machinery  clean  and  in  good  order. 

Cables  and  How  to  Care  for  Them. — Wire  and  hemp 
fcpes  of  same  strength  arc  equally  pliable.  Experience 
»  demonstrated  that  the  wear  of  wire  cables  increases 
th  the  speed.  Hoisting  ropes  are  manufactured  with 
ttnp  centers  to  make  them  more  pliable.  Durability  is 
icreby  increased  where  short  bending  occurs.  All  twist- 
!  kinking  of  wire  rope  should  be  avoided.  Wire 
'pc  should  be  run  off  by  rolling  a  coil  over  the  ground 
ce  a  wheel.  I"  no  case  should  galvanized  rope  be  used 
r  hoisting  purposes.  The  coating  of  zinc  wears  off  very 
nckly  and  corrosion  proceeds  with  great  rapidity, 
oisting  cables  should  not  In-  spliced  under  any  circum- 
anccs.  All  fastenings  ;ii  tlw  ctids  of  rope  should  be 
tadc  very  carefully,  using  only  the  best  babbitt.  AH 
[crises  and  clips  should  lit  the  rope  perfectly.  Metal 
rigs,  where  babbitt  is  used,  should  be  warmed  bc- 
we  pouring,  to  prevent  chilling. 

Examine   wire   ropes   frequently   for  broken    wires. 
Vire   hoisting   ropes   should    be    condemned   when    the 
not  strands)  commence  cracking 
Keep  the  tension  on  all  cables  alike.     Adjust  with 
-bars  and  turnbuckles  provided. 
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Lubrication  of  Worm  Gearing. — oils  with  a 
such  as  cylinder  and  castor  oils,  arc  best  suited  to 
purpose.  A  composition  of  two  parts  castor  to  one  put 
cylinder  oil  of  very  best  quality,  makes  a  desirable  l 
ricant,  for  the  following  reasons:  Cylinder  oil  bei 
heavy  with  ample  body,  on  becoming  warm  runs  f: 
to  the  point  of  contact  between  the  worm  and  gear 
lubricates  readily.  On  the  other  hand  castor  oil  wbfl 
cool  or  only  slightly  warm  retains  its  body  and  make 
an  excellent  lubricant.  Upon  becoming  heated  castor 
thickens,  thus  rendering  it  objectionable.  By  the  co 
bination  efficient  lubrication  is  obtained  at  all  tempen 
t  tires. 

Lubrication  of  Cables. — A  good  compound  for  p 
ervation   ami   lubrication   "i  Cables   is  composed  of 
following:     Cylinder  oil,  graphite,  tallow  and  vegctJ 
tar,  heated  and  thoroughly  mixed.     Apply  with  a  pica] 
of  sheepskin  with  wool  Inside. 

To  prevent  wire  rope  from  rusting  applv  raw  linstt| 
oil. 

Lubrication    of    Guides. — Steel    guides    should 
greased  with  good  cylinder  oil.     Grease  wood  strips' 
No.  3  Albany  grease  <>r  lard  oil.    Clean  guides  twice 
month  to  prevent  gumming. 

Lubrication  of  Overhead   Sheave   Boxes. — In  sum- 
mer use  a  heavy  grease.     In  winter  add  cylinder  oil 
required. 

Leather  Cup  Packings  for  Valves. — Leather  for 
should  be  of  the  best  quality,  of  an  even  thickness,  In) 
from  blemish,  and  treated  with  a  water-proof  drcsi 
The  cups  should  be  of  sufficient  stiffness  to  he  self 
taining    when     passing    over    perforated    valve    li 
When    ordering    cups,    the    pressure    of    water    cam 
should  be  specified,  as  the  stiff  cups  intended  for 
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pressure  would  not  set  out  against  the  valve  lining  when 
low  pressure  is  used. 

Water. — Water  for  use  in  hydraulic  elevators  should 

be  perfectly  clear  and  free  from  sediment.     A  strainer 

should  be  placed  on  the  supply  pipe  and  water  changed 

l  y  three  months,  ami  the  system  washed  and  flushed. 

Closing  Down  Elevators. — If  an  elevator  is  to  be 
shut  down  for  an  indefinite  period,  run  the  car  to  the 
bottom,  and  drain  off  the  water  from  all  parts  of  the 
machine,  otherwise  a  freeze  is  likely  to  burst  some  part 
of  the  machinery.  If  the  machine  is  of  horizontal  type, 
grease  the  cylinder  with  a  heavy  grease;  if  vertical,  the 
rods  should  be  greased.  Oil  cables  with  raw  linseed 
oil. 

Lubrication  for  Hydraulic  Elevators. — The  most  ef- 
fectual method  of  lubricating  the  internal  parts  of  hy- 
draulic elevator  plants  where  pump  and  tanks  arc  used, 
is  to  carry  the  exhaust  steam  drips  from  the  foot  of  the 
pump  exhaust  pipe  to  the  discharge  tank,  thus  saving  the 
distilled  water  and  cylinder  oil.  This  system  is  invalu- 
able when  water  holding  in  solution  minerals  is  used, 
as  these  minerals  greatly  increase  corrosion. 

Horizontal  machines  operated  by  city  pressure  are 
best  lubricated  with  a  heavy  grease  applied  either  me- 
chanically or  by  means  of  a  piece  of  waste  on  the  end  of 
a  pole.  The  former  method  serves  as  a  constant  lubri- 
cator, while  in  the  latter  case  greasing  is  often  ncplcctcd. 
and  in  consequence  packing  lasts  but  a  short  time. 

Useful  Information. — To  find  leaks  in  elevator  pres- 
sure tanks  in  which  air  is  confined,  paint  around  the  rivet 
heads  with  a  solution  of  soap  and  the  leak  will  be  found 
wherever  a  bubble  or  suds  appear. 

To  ascertain  the  number  of  gallons  in  cylinders  and 
round   tanks,   multiply   the   square   of   the   diameter  in 
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inches  by  the  height  in  inches  and  the  product  by  .003 
=  gallons. 

Weight  of  round  iron:  Multiply  the  diameter  by, 
square  the  product  and  divide  by  6  =  the  weight  i 
pounds  per  foot. 

To  find  the  weight  of  a  casting  from  the  weight  of 
pine  pattern,  multiply    1   pound  of  pattern   by    16.7  f( 
cast  iron  and  by  10  for  brass.     Ordinary  gray  iron  cast 
blgS  =  about  4  square  inches  to  the  pound. 

Horse  Power  of  Belting. — To  ascertain  transmittin 
power,  multiply  diameter  of  driving  pulley  in  inches  b 
its  number  of  revolutions  per  minute  and  this  proda 
by  width  of  belt  in  inches;  divide  this  product  by  3.500 
for  single  leather,  four-ply  rubber  or  four-ply  cotton  belt 
ing — or  by  2,100  for  double  leather,  six-ply  rubber  or  six- 
ply  cotton  belting,  and  the  quotient  will  be  the  number 
of  horse  power  that  can  be  safely  transmitted. 

Belts  and  How  to  Care  for  Them. — The  work  re- 
quired of  an  elevator  belt  is  the  most  severe  and 
might  say  cxtraordin ai  v  1  haracter,  running  as  it  d 
over  a  large  to  a  small  pulley  and  beneath  an  idler,  to 
situated  as  to  give  the  small  pulley  as  much  belt  surface 
as  possible.  The  belt  runs  forward  and  backward 
the  cage  ascends  and  descends,  thereby  causing  a  certain 
amount  of  slip.  It  is  imperative  that  a  belt  pcrformm 
such  service  should  be  of  the  very  best  quality, 
following  are  the  specifications: 

The  stock  should  be  strictly  pure  oak  tanned,  cu 
in  such  a  manner  that  the  center  of  the  hide  will  fori 
the  center  of  the  belt.  Each  piece  should  have  all  stret 
thoroughly  removed.  The  belt  should  be  short  lap 
none  of  the  pieces  to  exceed  4  feet  2  inches  in  lengt 
tiding  the  laps.  Lock  lap  should  be  made  whi 
makes  a  perfect  splice.     Under  no  circumstances  shou 
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ght  lap  be  used.     The  cement  should  be  of  the 

cry  best  qualit)    and   pliable  to  such  an  extent  that  it 

lot   the  short  turn  taken  by  the  belt  passing 

the  idler  and  around  the  small  pulley.     As  a  prc- 

against  laps  coming  apart  from  accident  or  other 

isc.  belts  BbonM  be  riveted,  as  the  rivets  will  hold  lap 

ther  until  defect  may  be  seen  and  remedied 

Owing  to  the  high  speed,  laced  belts  should  neveff 

used,  as  the  laces  arc  sure  to  be  cut  l>y  running  over 

small  pull' 

Castor  oil  maki  •■■  reliable  dressing  lor  belts. 

Icrs  them   pliable,   thus   improving  the   adhesive 
jnalities. 

Electric  Elevators. — The  type  "f  elevators  ;it(  made 
indireel  connected,  or  (2)  .  I  i t- . ■ »- 1  connected. 

Indirect-Connected. — In  iliis  arrangement,  the  clcc- 
Sliii"  imply    iimvI    for  driving   the   line-shafting 

If  an  ordinary  belt  d   •  atoi 

Direct-Connected. — Tn  this  arrangement  is  elinii- 
ated  the  0  and  thi    tight  and  loose  pulley, 

nil  thi  tution  therefor  of  a  bell   connecting  the 

directly  with  the  machine. 

In  the  modern  elevi  also  eliminated, 

id  the  motor  is  coupled  directly  to  the  shaft  of  the  cle- 
itor  machine.     Such  a  machine  is  shown  in  Fig.  258. 

Motors. — As  the  motor  must  start  under  load,  it 
ust  therefore  get  up  speed  rapidly,  though  gradually. 

When  it  is  relied  upon  the  motor  alone  to  do  this. 
is  then  generally  constructed  of  1  pound  wound 

pe,  the  scries  coil  serving  to  give  the  torque  at  start- 
%,  and  the  shunt  coil  steadying  the  field.  When  the 
stor  is  up  to  speed,  the  series  coils  arc  generally  cut 
t,  leaving  the  motor  to  be  run  as  a  simple  shunt  wound 
>tor. 
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Where  the  operation  of  the  motor  is  not  relied  upc* 
alone,  then  controlling  devices  arc  used,  which  art  hctt- 
inafter  described. 

Transmitting  Devices. — Such  devices  between  il 
motor  and  car  consist  of  the  ordinary  worm  gCOTOf 
drum.  and  rope. 

Controlling  Devices. — The  power  control  con 
breaking  the  current,  and   the  reversing  of  the  motor 
While  a  simple  snap  switch  is  all  that  is  nce« 
break  the  current,  to  reverse  the  travel  of  the  car.  i. 
the  rotation  of  the   motor,  a   reversing  switch  or  pok 
charger  is  needed. 

In  practical  operation  of  elevators,  the  complete 
paratus  necessary  to  control  the  electric  motor  is  called  s 
controller. 

Counter-Balancing. — Direct    connected    electric  ck- 
vators  of  the  drum  type  arc  always  over-balanced. 

Electric  Elevator  Engines. — In  Fig.  258  is  she 
Otis  Electric  Elevator  Engine  with  alternating  current 
motor,  for  cither  passenger  or  freight  service.  These  en- 
gines arc  designed  for  operation  on  two-phase  or  three- 
phase  circuits  of  any  commercial  voltage  and  frequency, 
.Hid  can  In:  provided  with  cither  electrical  or  mechanic!* 
control.     The  engine  shown  is  arranged  for  mechanics! 

control 

Systems  of  Control. — There  are  1  of  con- 

trol for  electric  elevators — the  electrical  and  the  mechan- 
ical. In  the  former,  the  elevator  is  controlled  by  a  snuE 
switch  within  the  car,  operating  pilot  circuits  which  ope" 
and  close  the  main  line  and  reversing  switches.  0* 
starting,  there  is  considerable  resistance  within  the  arm*- 
turc  circuit,  and  as  the  motor  accelerates  this  resistance 
is  automatically  cut  out  step  by  step  by  electrically  it- 
erated switches.     By  this    means,   the  current   is  abw- 


The  Otis  Electric  Elevator  Machine. 
Fig.  268. 
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lately  prevented  from  increasing  above  the  amount  for 
which  tl»t-  motor  i-  designed  and  a  gentle  start,  propcc-| 
tionatc  to  load,  is  secured. 

The  mechanical  system  of  control  differs  from  that 
just  described  in  that  the  line  switch   is  opened. 
and  reversed  through  the  medium  of  a  lever  or  a  han4- 
wheel    within    the    car.    by    purely    mechanical    means 
Closing   tin-  switch   admits   starting  cuinn'    on 
motor  and  thereafter  the  control  proceeds  in  the  manner 
already  described  in  the  respeel  that  the  Starting 
ancc  is  cut  out  from   the  armature  circuit   by  automatic 
switches  step  by  step  as  the  motor  accelerates,  the  saic< 
protection   of  the   motor  against   heavy   currents 
thereby  afforded. 

DIRECTIONS  FOR  THE  CARE  AND  OPERATION 
OF  THE  CRANE  OR  OTIS   ELECTRIC  ELE- 
VATORS. AS  GIVEN  BY  THE  MANUFAC- 
TURERS. 

Warning. — Whenever  the  attendant   wishes  to  han 
die  the  machine    to    clean,    adjust,   repair    oi 
should  see  that  the  current   U  iff  at  the  switch  and 

thus  prevent  all  possibility  of  accident. 

Cleaning. — Keep  the  entire  machine  clean. 

Clean    the    commutator    and    other    contacts   an3 
brushes  carefully  with  a  cloth  and  keep  them  frn 
grease  and  dirt. 

If  the  face  of  the  rheostat  on  which  the  rheostat  arm 
brushes  work  becomes  burnt,  clean  with  a  piece  "f  f"1" 
sandpaper  (No.  o).  or  if  necessarj   use  a  hue  tile. 

Keep  all  contacts  smooth, 

Try  the  rheostat  arm  when  cleaning  to  be  sure  tW 
it  moves  freely  off  contacts. 
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Oiling. — Oil  the  drum  shaft  hearings  with  good 
»cavy  oil. 

i  'i!  the  worm  and  gear  l>y  filling  the  chamber 
iround  them  with  a  mixture  of  two  parts  of  good  castor 
!<•  part  good  cylinder  oil.  Keep  this  chamber 
Hi,  (Op  of  worm  or  mark  on  gauge  glass,  add- 
ing a  little  each  da\  ag  il  is  used.  The  end  thrust  bear- 
Dgs  of  the  machine  are  automatically  oiled  from  this 
thambcr.     This  should  he  rlrawn  off  c\  hree 

months  and  replaced  by  fresh  "i! 

Oil  the  motor  bearings  with  dynamo  Oil.     These  arc 

intomatically  oiled,  hut  should  occasionally  be  supplied 
resh  oil.  Lubricate  the  commutator  rheostat  face, 
-witch  and  contacts  very  sparingly  with  a   cloth 

noistened  with  oil.     fare  should  he  taken  not  to  apply 

too  much  oil  to  these  parts. 

Keep  the  oil  dash  pot.  if  any.  sufficiently  filled  with 
fil  to  allow  the  rheostat  arm  to  move  quickly  on  to  the 
intact  and  to  retard  its  movement  beyond  this  con- 
tact.    The  best  oil   for  this  purpose  is  fish  oil  or  some 
il   that   is  not  readily  affected  by  changes  in  tem- 
perature. 

If  an  air  da-h  pot   Is  used  keep  it  slightly 
Is  to  keep  the  packing  soft.  t 

Keep  all   parts   of   the  elevator,  including  sheaves, 

ibles,  etc..  clean  and  well  oiled 
Operating. — Before  switching  the  current  on  to  the 
machine,  be  sure  that  the  operating  lever  is  in  its  central 
position. 

end,  (Iran    the  lever  the  full  throw  to  the  up. 
To   descend,  draw   the  lever   the  full  throw  to  the 
down. 

To  run  at  slow  speed,  bring  the  lever  toward  the 
tenter  according  to  the  speed  desired. 


STATIONARY    KNGINRSKING. 


To  stop,  bring  lever  to  slow  speed  when  within  four 
feet  of  landing,  and  to  its  central  position  when  close 
it.     In  this  way  the  operator  can  make  accurate  stops. 

When  starting  (machines  on  which  the  solenoid 
used)  if  the  current  is  admitted  to  the  motor  too  rapidly, 
thereby  starting  the  car  with  a  jerk  or  momentari 
ming  the   lights   on   tli<-   circuit,   check    the   spec: 
which  the  resistance  is  cut  out    i>f  the  arniatiin 
by  slightly  casing  off  the  weight  which  act*,  in  opposi>| 
tiun  to  the  core  of  the  small  solenoid.     This  solenoid  i 
trols  a  valve  in  the  dash  pot  and  thereby  regulates  to 
speed  in  proportion  to  the  current  passing. 

If  a  governor  starter  is  u«.e.|  and  the  Ctirrt 
mined  too  rapidly  tighten   the  governor  spring  on 
armature  shaft,  or  close  the  vent  in  air  dash  pot 

If  the' car  refnse.i  t"  ascend  with  a  heavy  b 
mediately  throw  the  lever  to  the  center  and  reduce  l 
load,  as  in  all  probability  it  is  greater  than  the  car 
of  the  elevator. 

If  it  refuses  to  ascend  with  a  light  load,  throw 
lever  to  the  center  and  have  the  fusible  strip  examined. 

If  in  descending  the  car  should  stop,  throw  the 
to  the  Center,  and  examine  safeties,  fusible  strip  and  mi- 
chine,  and  before  starting  be  sure  that  the  cab! 
not  jumped  from  their  right  grooves. 

If  the  car  refuses  to  move  in  either  direction  tli: 
the  lever  on   the  center   and   have   Ihc   fusible  strips  ex- 
amined.    Never  leave  the  car  without  throwing  th< 
to  the  center. 

If  the  car  should  be  stalled  between  floors,  it  can  I 
cither  raised  or  lowered  by  raising  the  brake  and  runt! 
it  by  turning  the  brake  wheel  by  hand.     Such  a  Ml 
page  might  be  caused  by  the  current  being  shut  off  at 
the  station,  undue  friction  in  the  machine,  too  hcaw 
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ad,  fuses  burnt  out,  or  a  bad  contact  of  the  switches, 
mding  posts  or  electrical  connections. 

If  the  car  by  any  derangement  of  cables  or  switch 
innot  be  stopped,  let  it  make  its  full  trip,  as  the  auto- 
oatic  stop  will  take  care  of  it  at  either  end  of  the  travel. 

The  bearings  should  be  examined  occasionally  to  in- 
ure no  heating  and  proper  lubrication. 

The  attendant  should  inspect  the  machine  often. 

All  brushes  and  switches  should  be  sufficiently  tight 
)  give  a  good  contact,  but  no  tighter. 

None  of  the  brushes  should  spark  when  in  their  nor- 
al  position. 

When  the  brushes  become  burnt  dress  with  sand- 
iper  or  a  file,  or  if  necessary  replace  with  new  ones. 

If  brushes  spark,  dress  with  sandpaper  or  file  to  a 
x>d  bearing,  and  if  necessary  set  up  springs,  but  do 
>t  make  the  tension  such  as  to  interfere  with  their  ready 
ovement. 

Adjust  commutator  brushes  gradually  for  least 
»arking.     These  should  be  close  to  the  central  position. 

Contacts  and  brushes  should  be  kept  clean  and 
nooth,  and  lubricated  sparingly. 

While  replacing  a  fusible  strip,  be  sure  that  main 
witch  is  open,  and  be  careful  not  to  touch  the  other  wire 
'ith  your  tool  or  otherwise,  as  such  contact  would  be 
langerous. 

Never  put  in  a  larger  fuse  than  the  one  burnt. 

Inspect  the  worm  and  worm  wheel  occasionally 
trough  hand-hole  in  casing  to  see  that  they  are  well 
tobricated  and  that  no  grit  gets  into  the  oil.They  should 
•how  no  wear. 

The  stuffing-box  on  the  worm  shaft  should  be  only 
*>ght  enough  to  keep  the  oil  from  leaking  out  of  the 
*orm  chamber. 
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Be  sure  that  all  parts  arc  properly  lubtieati 
that  none  of  the  bearings  he 

To  make  sure  that  the  car  and  machinery  run  Bed) 
lift  brake  lever  and  then  rotate  worm  shaft  by  pnllmr 
<'ii  the  brake  wheel    The  empty  ear  shi.nl. l 
out  any  exertion. 

Keep  operating  cables  properly  adjusted. 

Open  nam  switch  when  the  elevator  is  n>>t  in  < 
vice. 

The  Marine  Electric  Elevator. — The  consb 
this  elevator,  as  shown  in  Fig.  ianv 

cellent  points;  therefore,  the  specifications   for  it 
chine  are  given  below,  not  only  to  show  tin-  di 
istic  features,  but  as  a  most  iiislrit.  ti  p  to 

to  the  student  the  requirements  in  the  conati  • 
;i  modern  electric  elevator. 

Construction. — Bed  Plate. — ()nc  solid  iron  cas 
keep  all  bearings  in   perfect  alignment. 

Motor. — The  motor  is  of  the  slow  speed  mi 
type  compound  wound,  having  a  strong  series  fieM  •» 
promote  easy  starting,  and   will  stand  temporal 
sivc  overload  without  Hashing  at  the  brushes 
heating. 

The  armature  is  wound  with  tunned  coils  ami  i*r" 
fectly  ventilated,  balanced  both  electrically  and  mccto*- 
ically  ami  runs  in  self-aligning  and  self-oiling  besrinr> 

The  brushes  arc  carbon  and   independent!)? 
able. 

Gears.— III.  gears,  of  the  best  bronze,  arc  cute** 
spiral  gear  cutter,  the  teeth  are  the  helical  form  that  me*'' 
perfectly  and  give  the  smooth.-  ibl<   moti 

Worms. —  The  worms  are  a  part  of  the  high  cirb*» 
hammered  steel   worm  shaft,   and   ; 
spiral  gears. 
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— The  .lrurn  iv  secured  and  driven  by  six  (6) 
ed  coupling  bolts  h:  reamed  holes  in  a  flange 

(orged  on  to  the  drum  shaft.     The  gear  spider  i*  secured 
t.  the  Mine  wa>  to  the  same  shaft. 

Brake. — The  brake  magnet,  to  which  the  brake  lev- 

iv  bolted   to  the  gear  case.     The  shoes 

f  cast  iron  lined  with  cork  formed  to  fit  the 

re  is  applied  by  a  spring  and  released 

crgizing  the  magnet. 

Limit. — The  limit   is  mounted  on  the  brake  magnet 

kel    steel    sprocket    chain,   of   .1.500 

strength,  from  the  gear  shaft. 

Slack  Cable  Device. —  The  slack  cable  device  is  a  bal- 

•I11  drum,  bringing  the  controller  to  stop 

the  slacking  of  ihi    ropes. 

Governor. —  \    centrifugal   governor,   driven    by    the 

m  »hafi.  applies  the  brake  whenever  the  normal  speed 

Lubrication. —  \H     liearings     are    self-oiling.       The 

rely  submerged,  and  the  oil.  paddled  up 

y  the  gear  through  the  gear  shaft  hearing  and 

use. 

THE   MARINE   MAGNET   CONTROLLER. 

Conduction. —  I  his  type  of  controller  has  been  de- 
ncction    with    high    speed    electric 
machines,   where   rapid   acceleration  and   general 
-  demanded  of  the  apparatus      Every  de- 
design  and  manufacture  of  this  new  type  of 
stroller  has  heen  most  carefully  worked  out,  and  only 
•uch  parts  have  been   utilized  in   its  assembly  as   long 
•ervice  has  demonstrated  them  to  be  best  suited  for  the 
•ervice  demanded. 

Essential  Features.— The   essential    features  of  this 
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controller  arc  the  reversing  switches  shown  on  the  low 
panel,  end    the   Six   accelerating   magnets  on   the  up 
panel.     The  Series  Field  Magnet  between  the  reverse 
switches  operates  automatically  to  iu(  out  i  lie  series  c 
of  the  motor,  after  the  machine  has  Started.     The  sid 
relay  controls  the  circuit  to  the  accelerating  magnets 
the  machine  brake  coiL      -  [ij 

Reversing    Switches. — The    reversing    - 
Operated   by  the  cures  of  the  magnets,  against  grav 
to  close  the  circuit  to  the  motor.     Rapid  am!   | 
action    is    assured    in    this    form    of    electro m. 
switch  with  failure  to  open  unknown.     The 
of  copper  and  carbon,  of  large  capai  it  v.  independc 
adjustable  and  having  long  life. 

Accelerating    Magnets. — The    six    accelerating  n 
nets  control  the  starting  resistance  in  the  main  nxX 
circuit,  and  are  so  connected  that  they  must  operate 
succession  to  short  circuit  the  sections  "f  the  rea 
which  they  control. 

The  accelerating  magnets  are  made  up  of  the  st 
ard    parts   used   on    the    reversing   switches   and   openl 
against  gravity,  to  cut  out  the  starting  resi.stsi 

Starting    Resistance. — The    starting   resistance 
gists  of  a  bank  standard  cast  iron  grids,  mounted  oa 
date   base  at   the  rear  of  the  controller.     This 
"current  diverter"  is  practically  indestructible,  an 
standard  for  all  hcav_\  electrical  duty  of  this  character 

Car  Switch. — The  ear  switch  is  of   the  "automt 
stop  lever"  type,  especially  designed  for  use  in  coraM 
tion  with  the  magnet  controller.     The  lever  is  autoni 
nally  locked  on  the  "stop"  position  and  cannot  be  ni 
unless   the  latch  under  the  handle  is  rirst   raised, 
contacts  are  easily  renewed  if  required. 
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■  itch,  variabli    p<  i  d    and  Mutant 
rvcrsal  of  car  movement  arc  easily  obtained. 

Controlling  Cable. — The  junction  lioxes  shown  with 
|t«  car  twitch  arc  used,  1.111-  ;it  ihc  center  of  tin-  hoist- 
r»\  ami  one  under  the  car.  to  provide  ;i  suitable  means 
supporting  and  connecting  up  the  electric  controlling 
ble.  This  cubic  has  1  i'  el  supporting  core  for  rclicv- 
the  "conducting"  wires  from  strain,  which  are  sep- 
itrly  insulated  from  the  core  and  each  other.  The 
iile  cabl<  is  covered  with  "fire-proof  braid. 

The  Pratt  Elevator  Safety. — Tins  safety  i-.  used  on 
Marine  make  of  elevators,  un<I  is  a  most  successful 
ce. 

Construction. — Fig.  260   shows    tin-    safety  as    seen 

f>oking  up  at  it  from  below  the  car,  and  in  three 
erent  positions.  \  i/,       "\>>  pressure  on  rails."  or  when 
re  clear  of  the  rails  l>\   one-fourth   inch  and 
it  car  is  rea  un  ;  "spring  pressure"  on  rails,  or  the 

1      v.  .  by  the  pressure  of  the  spring  when 
bed  the  instant  thai  the  speed  governor  grips  the 
maximum  pressure"6n  rails  or  when  thi  road  and 
inch  that  it  requires  the  full  spring  pressure 
op   the  ear. 

Device  to  Grip  the  Rails. — The  principle  of  the  grip- 
on  the  car  i*  the  application  of  a  spring  to 
jaws  on  the  rails  instantly   tin    --peed  is  exceeded. 
11  to  use  the  power  of  the  moving  car  1  which  for 
unlimited)   to  gradually  com- 
-pring  and  in  so  doing  steadily    increase  tin- 
sure  of  the  jaws  on   the    rails  through  such  a  dis- 
,  car  travel  that  any  load   at  any  speed  will  be 
tfc  and  easj    -top.  and   without  bringing 
undue    Strain    on  any    part    of    the  apparatus.     The 
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r   mechanism   by   which    this   i,  accomplished    H 
in  Fig.  260. 

Operation  of  Governor. — Fig.  261   show*   Spring   F 
her  by  the  travel  of  the  car  under  maximum 
and  speed,  or  by  pulling  the  governor  rope  by  hand 
Tctock  the  toggles  before  the  screw  C  is  revolved  in 
m  by  hand  pull  on  the  governor  1 

rdcr  to  push  back  the  wedges  11  and  J  and    n  st,>r< 
tii  the  position    'n  1  pressure  on  rails." 

Governor  Rope. — This  figure  has  a  sketch  showing 
i  rope  connecti  ms  between  the  governor  and  the  car, 
bich  B  is  the  rope  passing  over  the  governor  sheave 
iding  down  through  the  driving  grip  Y  on  the  car, 
the   idler  sheave  and  around  the  drum   A   where 
end  of  it  is  anchored  at  U.  as  shown  in  the  sectional 
The  other  end  of  this  same  piece  of  rope  is  shown 
1  the  sectional  view  anchored  at  S  on  the  drum  A.  pass- 
r  an  idler  sheave  and  down  to  the  tension  sheave 
at   the   bottom   of  the   hoistway.     Merc   is  one  con- 
rope,  without  the  several  splices  or  connections 
imon  to  other  systems  and  being  wound  around  the 
am  A  in  both  directions  enables  the  safety  to  be  rc- 
by  the  engineer  outside  of  the  car  from  any  point 
the  hoistway.     It  will  be  seen   from  this   -ketch  that 
governor  rope  is  driven  by  the  car  by  grip  V  until 
adjusted  s[h  reeded,  when  the  governor  grips 

rope,  stops  it.  driving  grip   Y  releases,  the  car  con- 
es  to  travel,  and  the  drum   A   to  revolve  until  the 
\h  Stopped  by  the  gradual  pressure  of  the  jaws  on  the 

The  Pratt   Car  Safety   Device. —  The   action   of   the 
device  on  the  car  (the  success  of  which  depends 
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b  the  first  place  upon  a  reliable  governor  as  above  de- 
scribed) is  as  follows: 

Construction. — Drum  A  is  keyed  on  the  right  hand 
thread  of  shaft  C.     Shaft  C  has  a  right  hand  thread  on 
the  right  hand  end  and  a  left  hand  thread  on  the  left 
band  end.     At  the  first  advance  of  the  left  hand  end  of 
the  screw  through  the  nut  E.  it  pushes  the  push  bar  P 
anil  trips  the  latch  Q.  unlocks  the  toggles  RR  and  al- 
lows the  spring  F  to  extend.     When  the  spring  F  ex- 
tends, it  carries  nut  E,  screw  C  and  wedges  H  to  the  left, 
and  spring  head  G  and  wedges  J  to  the  right.     Wedges 
Hand  J,  being  thus  drawn  together,  separate  each  pair 
of  rolls  K,  thus  moving  the  two  pairs  of  levers  L  about 
Heir  pivots  M  and  brings  the  jaws  N  against  the  steel 
pide   rails   O.     This   is    the    position    marked    "Spring 
Pressure"   in   Fig.   No.   260.  and   only  brings   the  jaws 
"n  the  rails  with  sufficient  pressure  to  check  and  not  to 
stop  the  car.     Further  travel  of  the  car  continues  to  re- 
hllve  screw  C,  compressing  spring  F,  and  increasing  the 
Pressure  of  the  jaws  on  the  rails  until  the  car  is  brought 

0  an  easy  stop. 

Governor  Grip. — The  grip  on  this  governor  is  so  ac- 
nrately  in  line  with  and  so  near  to  the  sheave  that  the 
ope  cannot  rub  on  and  wear  it.  It  is  also  a  long 
[moved  jaw  that  will  not  injure  the  rope. 

The  Marine  Governor. — Fig.  261  shows  the  speed 
fivernor  with  side  plate  removed  to  show  the  rope  grip, 
n  this  governor  four  freely  pivoted  weights,  held  by  a 
piral  spring  against  centrifugal  force,  fly  out.  at  what- 
:ver  speed  the  tension  of  the  spring  is  adjusted  for,  and 

1  lug  on  the  weight  approaching  the  latch,  strikes  this 
atch  and  releases  the  latch  pin  and  allows  the  weight  to 
tall  and  bring  the  toggle  grip  against  the  rope.  For 
safeties  that  are  required  to  stop  the  car  going  either  up 


ilktn  by   the   lock   lever  located  at   the  left  of 
at,  under  the  small  relay. 
jmatic  Locking. — At  the  same   instant  that  the 
rm  is  locked  in  this  full  spec!  position,  the  .  in 
automatically  cut  off  from  the  solenoid  coil  op- 
the  regulator,  thereby  preventing  heating  of  the 
operation. 

my  Return. — Jn  stopping,  the  plunger  of  the 
»gnet    falls  on   the   lock   lever  and   releases  the 

in  allowing  it  t"  return  by  gravity  to  the  nor- 
ip"  position. 

rversing  Switches. —  Tin-  reversing  switches  arc  of 
i  I  type,  closing  against  gravity  by  the  action  of 
of  the   operating  magnets.     The  contacts  arc 

rge  for   the  duty  required   and  consist  of  fade? 

ly   adjustable   carbon   and    copper   pi...-,    always 

ig  a  flat  surface  to  the  contact  plates  attached 

lagnet  plungers. 
rge  Carrying  Capacity. — This  design  insures  tbe 
im  carrying  capacity  and  the  minimum  wear  on 


nnot  Start  Too  Suddenly. — The  operating  coils  of 

ersing  switches  arc  so  connected  that  the  switches 

be  closed  until  the  brush  arm  has  returned  to  the 

starting  position,  thereby  introducing  all  of  the 

Eistancc  in  the  armature  circuit  and  preventing 
arting  of  the  elevator, 
ible  to  Overload  Motor. — A  desirable  feature 
controller  is  an  adjustment  which  is  provided  to 
automatically,  the  starting  of  the  motor  when 
contains  a  load  in  excess  of  the  usual  maximum 
This  device  prevents  overloading  of  the  motor 
its  safe  limit 


Hit 
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SPECIFICATIONS  FOR  THE  W.   A.  MILLER  D 
RECT  CONNECTED  ELECTRIC  ELEVATORS. 

Electric  Current  Controllers  and  Safety  Devices 
The  electric  motors  "ill  be  run  in  eitl  i  to 

iin   elevators  up  or  down  as  desired  by  t ti <- 
versing  switch,  which  i-  ■•(•<i-.it.-.!  by  either  the  openl 
cable  "i  lever  from  th<  platform  nr  landings, 
in ^  tin-  operating  cable  or  lever  thi  a  itch 

closed  in  the  proper  way  to  run  the  motor  in  the  dii 
tion  to  send  the  elevator,  eithei  up  or  down, 
As  soon  -i-  the  electric  reversing  switch  is  closed 

electric  current  controller  will  allow  the 

to  enter  the  motoi   With  a  gradual!)   increasing  <■ 

as  to  quickly  and  smoothly  start  the  elevators.    1 : 

rent  controller  will  start  the  elevator  with  a  smooth 
i.  whether  the  Operator  starts   the  elevator  quickly 

'■  'y- 

Slack   Cable  Stop.— There    will    be 
hoisting  machine  which  will  automatically  stop  thee 
vatOI  b)   cutting  oul  the  current  ami  applying  the  sain 
brake  in  case  the  hoist,  should  get  slack 

break,  and  thus  prevent  accident  ant]  the  break 
entangling  of  cables. 

Machine  Stops. — <  >n  the  hoisting  ma  ill  b* 

device  which  will  automata  all)  stop  the  elevator  by 
ting  out  the  current  and  applying  thi  brake  wh 

elevator   reaches   eithei    top   OT    bottom    land!" 

Safety  Brake. — On   the  hoisting  mat  'I  he 

safety  brake  which  will  g  and  Sim   ith 

platform  ami  elevator  when  the  current  has  been  cut 

Operating  Cable  Stops. — <  m  the  operating  c  i 
be  a  device  which   will   automatically  stop  ti' 
by  cutting  out  the  current  and  applyii 
when  the  platform  reaches  either  the  top  or  bottom  lai 
ing.  if  the  operator  should  neglect  to  stop  the  elcvatol 
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PECIFICATIONS  FOR  A  MOLINE  DIRECT-CON- 
NECTED ELECTRIC  FREIGHT  ELEVATOR. 

Motor. — The  motor  will  be  constructed  especially  for 
levator  service.  It  will  be  compound  wound,  and  will 
R  provided  with  "End  On"  carbon  brushes,  and  will 
lot  spark.  The  motor  is  especially  designed  for  obtain- 
•f  a  very  quick  start  with  a  low  consumption  of  current. 
The  motor  will  be  controlled  by  our  automatic  con- 
fer. The  arrangement  of  the  controller  is  such  as  to 
are  a  gradual  and  easy  start  and  stop  of  the  elevator 
it,  independent  of  the  skill  of  the  operator. 

Hoisting  Machine. — The  hoisting  machine  will  be 
ode  from  our  new  and  improved  patterns,  and  will  be 
tiirely  fastened  to  overhead  deck,  furnished  and  placed 
n  you. 

This  machine  will  be  completed  with  solid  forged 
twl  screw  on  a  steel  shaft,  and  phosphor  bronze  worm 
'heel,  and  both  worm  and  worm  wheel  will  be  accur- 
fcly  cut  by  special  machinery  to  a  standard  gauge,  and 
rotected  by  an  oil-tight  chamber  so  that  the  worm  will 
e  surrounded  with  oil  at  all  times. 

The  end  thrust  on  worm  shaft  will  be  furnished  with 
or  improved  anti-friction  bearings,  which  make  a  large 
rduction  in  friction,  and  is  guaranteed  to  run  without 
mting.  The  bearings  in  this  machine  will  be  lined 
»ith  the  best  quality  copper  hardened  babbitt  metal.  It 
till  have  an  automatic  brake,  limitation  top  and  bottom 
top,  and  slack  cable  stop. 

The  winding  drum  will  be  made  extra  heavy,  of  the 
*st  grade  of  cast  iron,  of  suitable  diameter,  turned  and 
{rooved  to  receive  -^-inch  diameter  cable. 

All  parts  will  be  mounted  on  heavy  cast  iron  bed 
?hte,  so  that  there  can  be  ho  heating  of  bearings  from 
parts  getting  out  of  line. 
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;. — Wainscoting  of  iron  on   two  (ides,  5  feet 

m,  w  ill  be  made  oi  channel 

K'  and  of  side  posi  pattern     n  will  be  ra  feet 

and  14  feci  from  front  to  back.     It  will  l>e  ar- 

travcl  from  landing  at  basement  to  landing  at 

-,  a  distance  of  02  feet  2  inches 
L — The  elevator  will  he  equipped  with  six  Ju- 
icier wire  cables  of  the  best  Swedish  iron.     The 
rcngth  of  hoisting  cables  is  about  18,000  pounds 

ating  Device. —  The  elevator  will  be  operated  by 
pull  tiller  cable  of  ^i-inch  diameter  for  starting 
ping,  which  is  so  arranged  as  to  give  the  opcr- 
ect  control  of  the  apparatus. 
;ves. — The  main  hoisting  and  counterbalancing 
will  be  of  as  large  diameter  as  the  hatchway 
ition    of    machine    will    admit.     They    will     be 

in  the  lathe  to  fit  the  cables,  and  be  provided 

vy  steel  shafts,  which  run  in  heavy  boxes,  truly 
ith  suitable  means  for  oiling.  All  these  sheaves 
jpported  by  heavy  yellow  pine  beams  and  where 
will  be  supported  on  the  guide  posts. 
le  Posts. — The  guide  posts  will  be  made  of  pine, 
d  built,  accurately  planed,  and  will  be  securely 

to  each  floor   in    the    building  in   a   substantia! 

Hard  maple  guides  fastened  to  these  guide 
I  form  a  guide-way  for  the  cage,  which  makes  a 

and  durable  construction.  The  weight  guides 
lade  of  hardwood  and  will  be  securely  fastened 
A-ay  to  each  floor  of  the  building. 

SAFETY  APPLIANCES. 

imatic  Top  and  Bottom  Stop. — First,     The  auto- 
ip  is  placed  on  the  operating  cable,  which  stops 
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e  cage  at  the  upper  and  at  the  lower  landings,  inde- 
ndently  of  the  operator. 

Automatic  Limitation  Stop. — Second.  The  auto- 
aiic  limitation  stop,  which  stops  the  cage  at  the  lower 
id  upper  landings  in  case  the  regular  operating  cable 
•  lever  device  should  get  disarranged.  Its  action  not 
llv  prevents  an  accident  or  damage  to  the  cage  that 
light  result  thereby,  but  it  also  protects  the  lifting  cables 
om  injury  arising  from  overwinding. 

Safety  Brake.— Third.  The  safety  brake  is  controlled 
v  the  operating  cable  and  automatic  stop,  and  is  applied 
henever  the  current  is  shut  off,  holding  the  cage  at  any 
sired  point. 

Slack  Cable  Stop.— Fourth.  The  slack  cable  stop. 
hich  stops  the  machine  and  thus  prevents  the  unwind- 
g  of  the  cables  should  the  cage  meet  any  obstruction 
descending. 

Safety  Grip.— Fifth.  The  platform  will  be  fitted 
ith  bottom  eccentric  steel  safety  grips,  which  are  in- 
nded  to  grip  the  guides  and  prevent  the  fall  of  the  plat- 
rm  in  case  of  the  breaking  or  slacking  of  the  cables. 

Elevator  will  be  equipped  with  safety  speed  gover- 
>r. 

Capacity. — The  elevator  will  have  a  lifting  capacity 
5.000  pounds,  exclusive  of  weight  of  cage,  at  a  speed 
iio  feet  per  minute. 

Preparing  the  Building. — You  are  to  prepare  the 
itohways,  and  to  prepare  suitable  room  for  the  power; 
» do  all  cutting  of  walls;  to  furnish  proper  supports  in 
lace  for  guide  posts  and  sheave  beams,  and  do  all  paint- 
ig  except  machinery.  Should  the  roof  be  too  low  to 
How  the  cage  to  travel  to  top  landing,  you  are  to  make 
uch  changes  -n  the  roof  as  may  be  necessary  to  admit 
lie  sheaves  and  beams,  and  to  properly  protect  same. 


HORSE    POWER    TRANSMITTED    BY    HEAVY 
DOUBLE    BELT. 
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fou  arc  to  bring  the  power  wires  into  the  building 
rhhio  six  feet  of  the  motor  and  connect  the  same  to  our 
notor  switch.  Tin-  basis  of  this  contract  is  that  the 
srrent  shall  be  constant  potential,  with  500  volts  pres- 
iure  at  the  motor,  and  it  is  a  part  of  your  contract  to 
ipply  the  current  to  the  motor,  a.%  above  Specified.  It 
a  also  understood  you  arc  to  be  responsible  for  the  safety 
of  the  machinery  after  being  delivered  at  building. 

Guarantee. — We  hereby  guarantee  the  machinery, 
«nd  all  parts  of  the  elevator  specified  in  this  contract,  to 
k  of  the  quality  and  description  named  herein,  and  to 
do  the  service  specified  heroin,  and  we  agree  to  make 
{ood  any  repairs  on  the  engine  and  machinery  or  any 
ttrt  of  the  edevator  which  may  In-  made  necessary  by 
my  defective  material  or  workmanship  within  one  year 
rom  the  date  of  completion. 


SPECIFICATIONS     FOR    AN     ELLISON     SCREW 
GEAR  POWER  FREIGHT  ELEVATOR. 

Description. — \\  m  funii-.li  and  erect  com- 
pete, in  building  No of  our  latest 

mproved  and  best  make  of  Worm  Gear  Power  Elevators, 
if  2.000  pounds  capacity,  arranged  for  freight  service,  to 
>c  operated  by  power  furnished,  and  to  travel  from  first 
loor  to  third  floor,  a  distance  of  about  23  feet,  at  a  speed 
)f  40  feet  a  minute,  according  to  the  following  detail 
testifications : 

Machine. —  Tin-  machine  is  fitted  on  iron  frame  to 
tospend  from  the  ceiling. 

Winding  Drum. — The  winding  drum  is  cast  iron,  32- 
mch  diameter,  smoothly  turned  and  grooved  to  receive 
two  hoisting  cables 

Worm  Wheel.— The  worm  wheel  will  be  cast  iron. 


HORSE  POWER  OF  IRON  AND  STEEL  8HA1 
POR  GIVEN  DIAMETER  AND  SPEED 
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6-inch  diameter.  3-inch  face,  the  cogs  of  which  will  be 
ut  on  the  gear  cutting  machine. 

Worm. — The  worm  will  be  cast  steel,  cut  from  the 
solid  in  engine  lathe,  $y3-mch  diameter,  i>£-inch  pitch. 

Worm  Gear  Case. — The  worm  gear  case  and  barrel 
will  be  in  one  piece,  with  a  tight  stuffing-box ;  this  forms 
an  oil  chamber,  thereby  having  the  gears  always  thor- 
oughly lubricated. 

Anti-Friction  Ball  Bearing. — The  worm  shaft  is  fil- 
ed with  an  anti-friction  ball  bearing  to  take  the  end 
hrust ;  this  ball  bearing  runs  in  a  separate  oil  chamber. 
o  arranged  as  to  greatly  reduce  the  friction  of  the  ma- 
hine  and  prevents  heating.  In  case  of  accident  this  ball 
earing  can  be  easily  removed  and  repaired  or  replaced 
lith  a  new  one. 

Safety  Brake. — The  safety  brake  is  so  arranged  as  to 
e  automatically  applied  whenever  belts  are  on  loose 
ml  leys,  and  released  when  either  belt  is  shifted  on  tight 
lulley.  The  safety  brake  will  be  so  arranged  that  it  can 
ie  adjusted  to  the  wear  and  work  by  means  of  a  set- 
screw  and  lock-nut,  and  can  be  adjusted  as  well  when 
nachine  is  in  motion  as  when  at  rest. 

Automatic  Stop. — The  automatic  stop  forms  part  of 
ihe  machine  proper,  and  is  so  arranged  as  to  stop  it  and 
apply  the  safety  brake  when  the  cage  reaches  either  the 
top  or  bottom  landings,  independent  of  the  starting  and 
stopping  cables.  This  prevents  the  winding  drum  from 
making  more  than  the  necessary  revolutions  to  carry  the 
cage  to  the  bottom  or  top  of  lift. 

Slack  Cable  Stop. — Our  improved  slack  cable  stop 
prevents  the  unwinding  of  the  cables.  Should  the  cage 
meet  with  any  obstructions  in  its  descent,  then  this  stop 
will  shift  the  belts,  apply  the  safety  brake,  stop  the  cage 
»t  once,  and  prevent  accidents  that  might  occur. 
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Countershaft. — The  countershaft   will   \<- 
diameter  and  length,  and  provided  with  necessary  h*n{- 
crs  and  pulleys,  suitable  size  to  run  elevator  proper  speed 

Belting. — The  driving  belt  from  

countershaft  will  be  endless wide.      The  two  « 

vator  belts  from  countershaft  to  elevator  pull- 
wide.     All  to  be  proper  length.     To  be  furnished  by  yot 

Driving   Pulley. — The  driving  pulley  on   line  sha 
will  be  . .  diam.  x  . .  face.     To  be  furnished  by  you. 

Guarantee. — We  guarantee  our  machinery  in  cv 
part  to  be  free  from  defects  of  cither  material  or  work 
manship,  and  equal  to.  if  not  superior,  in  strength,  dura- 
bility and  light  running,  to  any  of  its  class  made:  an 
should  any  such  defects  appear  within  one  year,  we  wi 
repair  or  make  same  good  free  of  cost  to  you. 

Preparing  Building. — You  are  to  prepare 
the  in  hatchways  free  of  expense  to  us.  as  al» 

any  doors,  gates  or  enclosures.     If  there  is  not  sufficic 
height   in  upper  story  to  permit  of  placing  the  shc3 
under  the  roof,  and  allow  cage  to  reach  top  floor,  H  • 
he  necessary  to  place  them  above  the  roof,  in  which  cai 
you  enclose  or  cover  same.     To  avoid  this,  the  top  stonr 
should  not  b   teas  than   la  or  14  feet  high. 

Pulleys. — The  three  pulleys  will  be  ca>t  iron,  tfl  h 
diameter  by  4^-inch  face,  and  will  he  turned  true  an 
balanced.     The    loose    pulleys    will    be    provided    wi' 
capacious  oil  chambers,  bronze   brush  I  a  great 

improved  self-oiling  apparatus.  By  this  combination  we 
secure  greater  durability  than  by  any  other  known 
method.  The  lifting  pulley  is  of  larger  diameter  than 
the  loose  pulleys,  thu^  presenting  unnecessary  w 
the  machine  and  belts  when  the  winding  drum  is  not 
motion. 

Cage. — The  cage  will  be  made  of  seasoned  hardwood 
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limber,  with  all  needed  iron   work  an. I   braces,  and  ar- 
ranged for  guide  posts  at  sides  of  hatchways.     The  plat- 
jbna  will  be  about  jxX  feet,  >>r  proper  size  to  suit  prea 
ent  hatchways  in  building 

Guide  Posts. — The  guide  posts  will  be  yellow  pine, 

5x6*    solid,  and  on  these  will   he  securely   fastened  the 

ips  on  which  the  cape  guides  will  rut:  mil  ml  I:!  v. 

Counter  Balance  and  Guides. — The  counter  balance 
weight  will  be  cast  iron,  made  hi  sections  and  detach- 
able, and  of  sufficient  weight  to  balano  cage,  leaving 
only  weight  enough  to  bring  cage  down  when  empty. 

The  weight  guide  strips  will  be  white  pine,  -:  x3# 
inches,  with  a  groove  in  one  side  to  guide  the  weight. 

Sheaves. — The  overhead  th<  svea  will  be  heavy  cast 
iron  of  large  diameter,  smoothly  turned  in  groove,  and 
fitted  with  heavy  steel  shafts  and  babbitted  boxes,  and 
supported  by  suitable  timbers. 

Cables. — The  cage  will  be  supported  by  two  S-kxhi 
Swede'-,  iron  wire  cables  for  hoisting,  each  of  which  is 
capable  of  standing  a  strain  of  tons.  The  start- 
ing and  stopping  arrangements  will  be  operated  by  one 
54xi9  Swede's  iron  wire  cable. 

The  counter  balance  weight  will  be  supported  by  one 
fix  19  Swede's  iron  wire  cable.  All  cables  to  be  of  best 
quality  made. 

rs  are  provided  with  the  following  safety 

liances: 

Safety  Pawls. — The  safety  pawls  are  attached  to  the 
beam  of  the  cage,  and  are  operated  by  a  steel 
spring.  In  the  event  of  the  parting  of  the  lifting  cables. 
or  if  the  cage  meets  with  any  obstructions  in  its  descent, 
these  engage  with  the  uprights  and  securely  lock  the 
age. 

Stop  Buttons. — The  stop  buttons  are  attached  to  the 
^Urting  and  stopping  cables  to  stop  the  cage  at  the  top 
wd  bottom  landing,  independent  of  the  operator. 
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THE  STANDARD  PLUNGER  ELEVATOR  0 
NEW  YORK. 

Description. — In    the    Plunger    Elevator    the   car 
supported  from  beneath  by  a  moving  oolnmn  or  plunger 
of  approximately  the  same  length  as  the  travel  of 

elevator.     This   plunger   works  in   a  cylinder  stink  ver- 
tically in  the  ground  directly  tinder  the  cai       I  h< 
tier  is  closed  at  the  bottom,  and  at  the  top  provided  with 
a  stuffing  box  through   which  the  plunger  passi 
with  an  opening  for  the  inlet  and  outlet  of  water     Tin 
space    between    the   plunger   and    cylinder    is    filled 
water  which  sustains  and  move!   the  plunger  and 
it  the  car  up  or  down.     The  opening  in  the  cylinder  Ij 
connected  through  a  pipe  to  a   three-way  valve  so  ar- 
ranged that  when  in  central  position  the  opening  in  ilu 
cylinder  is  dosed  and  the  elevator  at  rest.     Win 
valve  is  opened  in  one  direction,  water  under  pr> 
will   enter   the   cylinder   and    force   the    plunger   upward. 
If    the    valve    is    reversed    the   water  in    the   cylinder  is 
forced   OUl    by    the    weight   of   the    car    plunger,   and   thi 
elevator  will  come  down.     This  valve  may  be  operated 
directly   by   hand   through    a    rope    running   through   ill 
car.    or    controlled    hydraulically    by    means    of    a    pilo 
valve,  which  in  turn  is  operated  directly  by  the  opera 
The  weight  of  the  car  plunger  is  usualls  counterbalance 
leaving   only    enough    preponderance   on 
make  the  elevator  come  down  a!  the  desired  speed. 

Construction. — The   car   frame    is   T   steel,   Strong! 
bolted  and  braced,  and  provided  with  easy  running  sho' 
The  plunger  is  made  of  specially  selected  steel  pipe  fit 
ished  to  a  uniform  outside  diameter  and  higbK   p 
The  separate  sections  arc  joined  together  by  extra  hi 
inside    steel    nipples.       The    cylinder    is    made    of    ste 
pipe  joined  together  by  outside  coupling,  making   b 
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;uints,     The  bottom  is  welded   together,  and  the  top  ' 
provided  with  an  extra  heavy  casting  with  opening  for 
ihr   water,  and    means    f<u    attaching   the   stuffing  box. 
The  well  for  the  cylinder  is  bored  by  special  machinery. 

ami  where  necessity  provided  with  a  iteel  casing.  The 
car  and  counterweight  run  on  steel  guides,  and  the  con- 
nection between  same  are  made  of  extra  heavy  iron  or 
steel  ropes  of  proper  weight  to  compensate  for  the  \ari- 
able  buoyancy  of  the  plunger. 

Merits. — The    plunger    elevator    is    absolutely    safe 
falling  as  the  car  is  supported  front  beneath,  and 
cannot  go  down  faster  than  the  water  escapes  from  the 

Under.  There  is  nothing  to  wear  out  except  the  pack- 
which  can  easily  be  renewed.  The  power  it  ex- 
erted direct,  without  intervention  of  sheaves  or  cables 
which  insures  the  highest  possible  efficiency,  and  an  al>- 
Mlttte  freedom  from  vibration.  As  the  entire  machinery 
i»  generally  located  in  the  basement  under  the  elevator. 
Inable  door  space  is  occupied  in  the  building.  The 
simplicity  of  the  machine,  which  haa  nothing  BO  wear 
except  the  packings,  make-;  it  of  very  long  life  and  great 
reliability.     Its    merits    are    summed    up    in    its  safety. 

inomy  of  operation  and  repairs,  smooth,  quiet  running, 

g  life  and  durability. 

>ECIFICATIONS    FOR    STANDARD    PLUNGER 
ELEVATOR. 

The    Standard     Hunger     Klcvator    Company     hereby 
proposes    to    furnish    and    install — of    the    direct-acting 
;>lunger  hydraulic  type,  together  with  pumping  plant  for 
tme,  as  per  the  following  specifications: 

The  service,  runs,  loads  and  speeds,  sizes  of  piling- 
and  cylinders,  to  he  as  per  schedule  below: 

CYLINDER  WELLS. 

The  cylinder  wells  will  be  of  suitable  size  and  shall 
sunk  !>\    ns  into  the  ground  under  the  hatchways  to 
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pr<  .per  depths  by  our  improved  rotary   drilling  or  »« 
driving    process,    and    the'  excavated     material    rei 
from  tin:  premises  bj  us. 

We  shall  furnish  these  wells  with   mild  steel  casing, 
set   in  place  for  their  entire  depths  or  until  solid  - 
■.-in-. .nnii  red, 

The  water  necessary  for  the  drilling  will  be  iuniislic 
by  the  owners  at  the  regular  Mreet  pressure,  and 
ire  also  io  furnish  propei  connections  on  the  supply  and 
sewer  |)ipes  for  obtaining  -mil  disposing  of  this  water  In 
Ms 

CYLINDERS. 
The  cylinder-;  of  Btlitabie   length   will  he  C 

of  selected  steel  tubing  having  a  large  fat 

and  will  he  protected  from  rust  by  a  coating  of  asprofc 

or  other  preservative  preparation, 

All  cylinder  lengths  are  to  he  accurately  straight- 
ened,  squared,  threaded  and  coupled  so  as  to  secure  at 
curate  alignment,  and  the  cylinders  arc  to  he  thoroughly 
testcil  by  hydrostatic  pressure  lx-f,>rr  leaving  the  f ■ 

The  cylinders  will  l»  closed  al  the  bottom,  anil  shal' 
have  stuffing  boxes  at  the  top  accurately  fitting  th' 
plungers,  ami  provided  with  our  improved  plunder  park- 
ing. 

PLUNGERS. 

The   plunger<i   will  Ik-  of    selected   steel   tubing  cart- 
fully  straightened,  turned  and  |"  lishcd,    if  pn  'per  length* 
being  so  proportioned  as  to  secure  maximum  ligl 
consistent   with  suitable  strength.     They  shall  be  Broth 
secured    to    the    platforms    by     pi  and    the 

lengths  of  the  plungers  shall  also  In'  indepen 
cured  by  our  patent  attachment  to  the  platforms  by  ir 
side   bolts  or  cables.       Tin-  sections   are   t"   be    joined  !>' 
our  improved  internal  couplings,  ami  each  plunger  » to 
be   uniform    in  diameter   ami   true    in   alignment.    The1 
are  to  be  thoroughly  gauged  inside  and  out. 
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CONTROLLING  VALVES. 


■  The  controlling  valves  for  the  passenger  elevators 

■  and  combination  freight  and  passenger  elevator  will  be 
our  three-way  balanced  pattern,  with  brass  linings  and 
pistons,  having  independently  graduated  openings  for 
stopping  and  starting  so  as  to  avoid  shock  or  jar,  and  to 
secure  maximum  smoothness  in  the  control  of  the  cars. 

.  The  controlling  valve  for  the  freight  elevator  will 
be  our  three-way  balanced  pattern,  with  rack  and  pinion 
or  lever  control. 

LEVER  AND  CONNECTIONS. 

THE   CONTROLLING   AND    AUTOMATIC    STOP 

APPARATUS. 

Each  passenger  elevator  car  and  the  combination 
freight  and  passenger  elevator  car  will  be  provided  with 
a  controlling  lever  having  center  stop  notch,  which  shall 
be  connected  by  our  double  controlling  valves. 

OVERHEAD  BEAMS  FOR  COUNTER  WEIGHTS. 

The  overhead  supporting  beams  will  be  of  steel  of 
suitable  section,  furnished,  erected  and  firmly  secured 
in  position  by  us  upon  proper  supports  provided  by  the 
owners  in  the  construction  of  the  hatchways. 

PILOT  VALVES. 

The  controlling  valves  for  the  elevator  shall  be  gov- 
erned in  their  motion,  both  in  direction  and  extent,  by 
pilot  valves,  thus  securing  a  positive  control  from  the 
lever  in  the  car  at  all  speeds. 

AUTOMATIC  LIMITATION  STOP  VALVES. 
Each  elevator  will  be  provided  with  our  automatic 
limitation  stop  valves,  operating  independently  of  all 
other  mechanism,  which  brings  the  car  to  a  gradual  stop 
at  the  upper  and  lower  terminals  of  travel,  whether  con- 
trolled by  the  operator  or  not. 
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QUESTIONS   AND  ANSWERS. 

Q.     How  arc  elevators  usually  classed? 

A.    In  reference  t<>  the  motive  power  used)  a* 

steam,  electric  and  hydraulic  elevators. 

Q.     What   do  you   mean   by   overbalancing  .111  fh 
•.ator' 

A.     Making  the  counterweight  heavier  than  tin 
weight  of  die  car. 

Q.     Into   what   two   classes   arc  safety    device 
vided? 

A.     Into  motor  safeties  and  car  safeti<  -. 

Q,     By  what  different  means  is  the  brake  Oper 
on  electric  elevators? 

A.      By  mechanical,  electrical-mechanical  or  civ 

electrical  attachments 

Q.     What  sets  and  what  releases  the  brake  on  u 
electric  magnet  control  elevator? 

A.     A     spring   or   weight      sets   the    brake,   anil  i 
solenoid  releases  it. 

Q      \\  hat  is  a  plunger  elevator! 

A.     One  in  which  the  car  is  placed  dire*  top 

of  the  plunger  or  piston. 

Q.     What  is  the  purpose  of  a  pilot  valve? 

A.     To  give  better  control  of  the  main  control)*; 
valve. 

Q.     Why  cannot  a  plunger  elevator  be  overbalanced? 

\.     Because   the  powei    acts   only    .luring   the  op 
stroke  of  the  elevator. 
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)     What  is  the  advantage  of  overbalancing  an  dec 

It  permits  a  smaller  motor  to  be  used. 
}.    How  should  the  rope  always  be  fastened  to -the 

Jt  should  be  made  long  enough  t"  encircle  th< 
at  least  twice  when  the  elevator  is  in  its  lowest 
>n. 

What  i*  meant  by  tin  limit  stops  oa  an  clc- 

TTie  safety  devices  used  t<»  automatically  stop 

'lie  upper  or  lower  limit  "f  its  travel 
What   limit   stops  are  usually   placed  on  the 
ir  rope? 

Buttons  or  knobs  against   which  the  car  strikes, 
the   l.elt    to   be   shifted,  or   power  cut   off.     Such 

ire  ""t  sufficient   protection  in  them- 
19  they  are  apt  to  slip  or  break. 
What  is  the  most  common  Form  of  motor  limit 

A  gear  wheel  working  loose!)  on  an  extension 
drum  shaft.  Should  the  car  overrun  its  limit. 
on  the  up  or  down  trip,  jaws  on  the  huh  of  the 
gear  engage  with  jaws  fastened  to  the  threaded 
sing  the  !■«»»-.  wh.-.l  in  mtat.'  This  sets  in 
ion  the.  gear  which  turns  the  shipper  sheave. 
y  reversing  the  motion  of  the  elevator 

How    is    'I"     engine    of    an    ordinary    spur    gear 
elevator  reversed? 

Bj    the   use  of   a   reversing   valve,  the   valves   of 
gine  being  changed  from  direct  to  indirect  valves 

tW  hat  i>  a  slack  cable  devici  as  used  on  all 
levators? 
\  device  f->r  stopping  the  cat  should  the  cable 
.  .  or  the  ear  stick  in  its  descent.  It  usually  con 
»f  a  rod  extending  across  the  underside  .if  the 
ilt  < l mm.  I  | nil i  the  loos<  i  able  striking  it.  a  spring 
ghl  is  released,  causing  tin   steam  to  be  shut  off. 


_ 


<  IIAITKK   XXYIH. 
THE  STEAM  ENGINE  INDICATOR. 

Definition. — The  indicatoi  \s  an  instrument  nedM 
indicate  the  amouiii  of  pressure  in  the  cylinder  of  n 
engine,  ami  also  l"  indicate  Btti  I  location  of  the  |iiv 
ton  when  thai  pressun  exist!  Prom  this  can  be  toM 
not  only  the  distribution  of  the  steam  pressure  through 
out  the  stroke  of  the  piston,  but  also  the  action 
valve  pear. 

The   obi  titling  of   this   knowledge  by   means  of 
indicator  has  been  of  the  greatest  assistance  in  the  d 
velopment  of  the  steam  engine. 

Construction. — This  instrument  as  invented  by  V 
Consisted  simply  of  a  small  piston  working  in  ;i  .vlnnlrr 
which    cylinder    WH    H    minaturc  of    the   larger  c;. 
whose  performance  was  desired  to  be  known. 

The  movement  of  the  spring  due  to  the  steam  pre) 
sure  on   it.  was  shown  by  the  tracing  of  a  pencil  on 
piece  of  paper   made  to  move  simultaneously   sritn  th 
piston  of  the  engine.     Later,  a  drum  on  which  tin 
was  attached  was  adopted. 

With  the  single  exception  of  multiplying  (hi 
ment  of  the  indicator  spring  by  using  a  lever.  wtd< ; 
mittcd   a   stiffcr  spring   to   he    nscd,    there    li.is    been  ffi 
change  in  the  general  construction  of  the  indicator  tint) 
its  invention. 

By   using  a    stiffcr   spring   than    was   empl 
Watt,  the  movement  ■>!  the  indi<  ator  piston  was  lessened 
which   therefore    required   its   movements   to  be 
plied,  i.  c..  increased,  so  that  the  diagram,  or  card  as  it 
is  called,  made  by   the   movement  of  the  pencil  00  tl 
paper,  would  be  increased  to  a  sufficient  size  so  ;< 
readily  understood 
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The  indicator  is  therefore  an  instrument  which  is 
employed  to  give  a  correct  idea  of  all  that  takes  place  in 
the  cylinder. 

It  consists  of  a  small  cylinder  accurately  bored  out 
and  fitted  with  a  piston,  which  works  in  the  cylinder 
with  little  or  no  friction,  and  yet  is  practically  steam- 
tight. 

The  piston  has  an  area  of  just  one-half  of  a  square 
inch,  and  its  motion  or  travel  in  the  cylinder,  is  only 
25/32  of  an  inch. 

The  piston  rod  is  connected  to  a  pair  of  light  levers. 
>o  linked  together  that  a  pencil  carried  at  the  center  of 
ihe  link  moves  in  nearly  a  straight  line  through  a  maxi- 
mum distance  of  3'r  inches.  A  spiral  spring  placed  in 
ihe  cylinder  above  the  piston  resists  the  motion  of  the 
piston,  and  the  elasticity  of  this  spring  is  such  that  each 
pound  of  steam  pressure  on  the  piston  causes  the  pencil 
to  move  the  fractional  part  of  an  inch.  As  the  steam 
pressure  that  exists  each  instant  in  the  cylinder  of  the 
fngine  is  the  same  as  the  pressure  on  this  spring,  the 
pencil,  which  records  the  movements  of  the  spring,  will 
accurately  record  the  pressure  in  the  cylinder.  This  is 
ihe  fundamental  principle  on  which  all  indicators  oper- 
ate. 

The  pencil  is  usually  made  of  a  piece  of  pointed 
brass  wire  which  makes  a  well  defined  line  upon  the 
paper  especially  prepared  for  indicator  work. 

This  paper  is  wound  around  the  drum,  which  has  a 
diameter  of  2  inches,  and  is  capable  of  a  semi-rotary  mo- 
tion upon  its  axis  to  such  an  extent  that  the  extreme 
length  of  the  diagram  may  be  S'/i  inches.  While  these 
dimensions  are  those  of  the  most  generally  used  indi- 
cator, they  are  slightly  varied  for  different  character  of 
work,  the  drum  frequently  being  made  only  \l/i  inches. 
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Motion  is  given  to  the  drum  in  one  direction,  dur 
ing  the  forward  stroke  of  the  piston,  by  means  of  a  cord 
connected  indirectly  to  the  cross-head  of  the  engine,  th< 
drum  being  brought  back  again  during  the  return  stroke 
of  tlw  piston,  bj  the  action  of  a  coiled  spring  at  its  bast 

Th«  upper  side  of  the  piston  i^  open  to  the  atmos- 
phere, while  the  lower  side  may  be  put  in  communica 
lii.n  tithci  with  the  atmosphere,  or  with  either  end  o 
the  engine  cylinder. 

This  it  done  by  means  of  a  three  waj  cock,  Mich 
shown  in  Fig.  262.  a  quarter  turn  of  the  handle 
cither  end  of  the  cylinder  in  connection  with 
cator. 

When  both  sides  of  the  piston  arc  pressed  u 

tin'  atmosphere,  there  is  no  pressure  on  the  spring ot 

than  the  atmospheric  pri  ind   the  pencil  on  bei 

brought    into   contact    with    the    moving  paper  descri 
what  is  known  as  the  atmospheric  line. 

When  the  lower  side  of  the  piston  is  in  communica 
tion  with  the  engine  cylinder,  the  pressure  of  the  stein 
therein  then  act.-,  upon  the  indicatOI  piston;  and  on  th 
pencil  being  pressed  against  the  paper  during  a  complei 
doable  stroke  of  tin  engine,  the  entire  indicator  dia(jran* 
is  described. 

Essential  Parts. — The  four  essential  parts  of  the  in 
dicat-T  an  therefore  i  the  cylinder,  the  spring,  the  pist  n 

with  its  connection^,  and  the  drum. 

To  attach  the  Indicator  to  the  Engine.— All  firs 
class  engines  are  prepared  for  the  indicatOI  before  lea 
ing  the  factory.  Should  this  not  have  been  done,  thei 
each  en.l  of  the  cylindei  mttsl  be  drilled  and  tapped  fot 
a  one-half  inch  pipe  thread.  The  holes  must  be  drillei 
into  the  clearance  space,  90  that  the  piston  at  the  end 
of  the  stroke  will  not  cover  them.     They  should  also 
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placed  so  that  currents  of  steam   will  not  reach  tin 
The  holes  should  be  drilled  into  the  middle  of  the  de 
ance  space,  the  engine  being  placed  on  dead  center  in 
'I'l'  r  to  di  termine  the  clearance 

For  horizontal  engines  the  holes  are  drilled  in 
side  of  the  cylinder  at  each  end;  while  for  vertical 
pines,  the  upper  head  or  cover  and  the  side  of  the  cylii 
dcr  are  selected  for  the  upper  and  lower  indicators 
spcctively. 

Where  it  is  necessary  to  use  only  one  indie, 
both  ends  of  the  cylinder,  the  indicator  should  then 
connected  by  side  pipes,  and  a  three-way  eotk  used 
make  connection   with   tin-   two  ends.     By  this   ineth 
both  diagrams  arc  taken  on  the  same  card,  and  with 
loss  of  but  one  revolution. 

Reducing  Motion. — As  the  length  of  the  card  rep 
sents  the  travel  of  the  engine  piston,  and  as  the  lenj 
of  the  card  is   much  less  than   the  travel  of  the  pis 
since  the  stroke  is  much  longer  than  the  circumfcrc 
of  the  drum :  therefore  the  movement  of  the  cross-he 
which  actuates  the  drum,  must  be  reduced  to  the  lenj 
of  the  diagram.     While   it   is  not   necessary  to 
cross-head  for  the  operation  of  the  drum  of  the  indicat 
since  it  has  many  advantages  for  this  purpose,  i; 
crally  used. 

But  whether  the  cross-head  or  some  other  part 
the  engine  is  selected,  there  must  be  a  reduction    if 
movement  of  same  to  the   length  of  the  diagram, 
there  are  several  devices  employed  to  obtain  this  redt 
motion ;   such   as   the    pantograph,   lazy   tongs.   Brur 
pulley,  reducing  wheel,  etc. 

Uses  of  the  Indicator. — It  is  principally  used,  i  1 1 
measure  the  power  of  the  steam  engine;  (2)  to  show 
quantity  of  steam  used  per  horse  power  for  a  given  tir 
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indicate  how  to  adjust  the   valve  gear  nf  the  en- 

4>  the  vacuum  obtained  by  the  use  of  the  con- 

and    ($)    the   relative    pttMUrc    existing  between 

*  steam  in  the  boiler  and  the  pressure  of  the  steam  in 

e  cylinder. 

Indicator  Card  or  Diagram. — The  tracing  <>f  the  pen 
on  the  paper  of  the  indicator,  i*  called  a  card  or  dia- 
•m.  and  is  the  result  of  the  horizontal  and  vertical  mo- 
ms of  the  indicator.  The  horizontal  movement  of  the 
per  corresponds  exactly  to  the  movement  of  the  piston: 
this  motion  is  produced  by  the  movement  of  the  cross- 
ad  which  rotates  the  drum  by  means  of  the  cord  at- 
rhed  t<>  it 

The    vertical    movement    of   the   pencil,    i^    in    exai  I 
tin  to  that  of  the  pressure  >>f  the  Steam  in  the  cylinder 
the  engine. 

The  diagram  therefore  represents  by  it-,  length,  the 
rolce  of  the  engine;  and  by  its  height,  the  steam  prcs- 
re  on  the  piston  at  th<  corresponding  point  of  the 
roke. 

Suppose  ;.  valve  lias  no  lap.  the  steam  would  then  be 
mitted  t<>  the  cylinder  during  the  whole  stroke,  that  is, 

<•  end  of  'In  engine  cylindi  mmanication  with 

boiler  daring  the  entire  stroke  of  the  piston.  Now, 
the  indicator  i*  placed  in  communication  with  the 
lindcr  during  this  stroke  of  the  piston,  the  diagram  or 
rd  will  show  B  rectangle,  as  can  be  seen  from  the  fol- 
wing  illustration. 

If  wc  draw  two  lines  at  right  angles  to  each  other. 
t  horizontal  line  will  represent  the  volume  of  the 
tarn,  while-  the  vertical  line  will  represent  the  pressure. 
K  both  the  rolurw  and  the  pressure  will  remain  the 
me  during  the  entire  stroke  of  an  engine  taking  Steam 
these  lines   will  be  perfectly  straight,  and  at 
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right  ingles  I"  each  Other.  '"  Pig>  *63  18  shown  the  da- 
grams  of  an  engine  taking  steam  at  full  stroke. 

There  are  but  feu  modern  engines  that  take  stew 

full  stroke^  "t  being  tOO  wasteful  Of  steam.  Steam  is  »d- 
mitted  during  part  only  of  the  stroke,  the  communicate 
m  the  boiler  being  then  cut  off.  and  the  steam  in  the  cylin- 
der being  allowed  to  expand  as  the  piston  moves  forward 
until  it  fills  the  entire  volume  of  the  cylinder.  Watt 
then  takes  place  in  the  cylinder  is  represented  graphically 
by  the  diagram  shown  in  Fig.  ~<>.^- 

Steam  is  admitted  to  the  cylinder  until  the  p 
reaches  the  point  B.  which  represents  one-half  the  vol- 
ume of  the  cylinder.  Then  the  cylinder  is  half  full  of 
steam,  but  from  this  point  on  as  no  more  steam  is  ad 
mitted.  and  as  the  volume  continues  to  Increase,  tb* 
pressure  musi  diminish.  The  dimunition  in  the  pres- 
sure is  shown  by  the  curved  line  R  C,  which  is  called 
the  expansion  line.  This  curve  should  be  aim' 
equilateral  hyperbola. 

The  exhaust  valve  opens  at  the  point  (.'.  release 
the   pressure  acting  on   the   piston:  and   in 
the  pressure  is  also    released    on    the    indicate 
thereby  causing  the  pencil  to  make  th  line  I'.  P 

The  piston  then  starts  on  its  return  stroke,  tain 
the  only  back-pressure  acting  on  it  is  the  pressure  d 
the  atmosphere,  the  pencil  traces  the  line  D.  E.,  called 
the  back-pressure  line. 

As  there  is  no  lead  to  the  valve,  and  no  compres- 
sion, the  lint-  D.  I*",  will  meet  the  line  K.  V  at  a  rijjto 
angle.  Should  there  have  been  compression,  then  the 
pressure  would  have  produced  a  curved  li'ir,  such  as 
shown  in  I  i;.;.  264.  the  curse  there  shown  being  called 
the  compression  line. 

In  Fig.  264  is  shown  an  ideal  diagram,  in  which  ill 
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thai  arc  traced  during  the  forward  and  return 

of  the  piston,  are  given  their  usual  designation. 

Admission    Line. — This   line   shows   the  rise  of  the 

o  the  admission  of  --team  to  the  cylinder. 

ill  be  vertical  if  the  steam  is  admitted  quickly 

»j  the  valve  when  the  engine  is  nearly  on  center.  Should 

•  ■  curve  to  the  left  or  right  from  n  vertical  or  per- 

i.  it   is  dm    i"   thi    valve  opening  too 

latto'  too  early.  ;i-  the  case  maj  l>i 

Steam    Line. — This    line   is   drawn   during   the    time 

ttcam   to   the   i  ylindcr.     It   will  be  a 

horizontal  line  unless  the  steam  is  wire-drawn,  in  which 

ill  be  diagonal,  that   is.    it   will  have  a  down- 

mrd  •  in. 

Cut  Off. — Tin  eh  tin  admission  of  steam 

■nt  bj    tl  mi-  of  tin    valve,  is  shown  by  the 

■  am    line,     Since    the    valvi    i  lose* 

•Jowly  this  point   will   he  rounded,  and  al    nines  hard   to 

he  determined  by  re- 
c  the  curve  changes  from 
(•ncavi 

Expansion  Curve. — Tin-,  line  >hows  the  fall  in  pres- 
ent expands   while   the  piston   moves  to- 
Jt.U  of  the  stroke      As    the  volume  occupied 

i    cylinder  increases,  the  pressure  de- 
feases. 

Point  of   Release. —  This   is   the   point    at   which    the 

ipens      1 1    is  always  a  rounded  point  due 

to  the  i    valve  in  opening.      This  exhaust 

curve  bi  ore  the  end  of  the  forward  stroke, 

the  slow  action  of  the  vale  in  open- 

BJ, 

Exhaust   Line. —  Thi-s  line,  or  curve,  shows  the  loss 
the  valve  opens  to  exhaust. 


Compression  Curve. — 
pressure  due  to  the  COmpft 
in  the  cylinder  after  the  val 

Atmospheric  Line. — Tl 
gniti  has  been  made  and  I 
i  losed,  and  both  aid*  -■  1 4  I 
open  i"  tin  atmosphere. 
atmospheric  pressure,  whit 
indicator  piston.  It  is  the 
gauge. 

The  height  of  the  bad 
shows  the  amount  of  the  b 
atmospheric  pressure 

The  Zero  or  Vacuum 
solute  vacuum,  and  is  dra| 
atmospheric  line.      Tin  ih- 
line  and  this  line  therefor 
sure. 

Clearance  Line. — Tbi 
to  the  line  of  absolute  val 
the  end  of  the  diagram  ec 
length  of  the  diagram  as 
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earn,  thereby  causing  the  horizontal  lines  to  be  deflected 
>m  their  course.  As  the  back-pressure  in  non-con- 
nsing  engines  is  always  more  than  atmospheric,  the 
ck-pressure  line  is  always  above  the  atmosphere  line, 
condensing  engines,  the  vacuum  is  never  absolute, 
ereby  causing  the  vacuum  line  always  to  be  above  the 
ro  line. 

Practical  Lines. — A  few  illustrations  are  here  given 
that  the  student  may  familiarize  himself  with  dia- 
ams  most  frequently  seen  in  actual  work. 

Early  Admission. — The  admission  line  1-2,  diagram 
Fig.  265,  indicates  too  early  admission,  as  this  line 
irves  to  the  left. 

Late  Admission. — The  steam  line  1-2-3,  diagram  2, 
dicates  too  late  admission,  this  line  curving  to  the  right. 

Early  Cut  Off. — The  expansion  line  1-2-3,  diagram 
indicates  too  early  cut  off,  the  pressure  in  the  cylinder 
ecoming  less  than  the  atmospheric  pressure  before  re- 
ase;  thereby  producing  a  partial  vacuum  in  the  cylin- 
er  formed  by  the  rapid  cylinder  condensation.  This  is 
Town  by  the  expansion  line  running  below  the  atmos- 
heric  line. 

Late  Cut  Off. — The  steam  line  1-2,  diagram  4,  Fig. 
56,  indicates  too  late  cut  off,  as  this  line  shows  that  ad- 
lission  extended  during  full  half  stroke  of  the  piston, 
"his  diagram  also  indicates  late  release. 

Early  Release. — The  line  1-2,  diagram  5,  indicates 
hat  the  point  1  of  release  was  too  early. 

Late  Release. — The  line  1-2-3,  diagram  6,  indicates 
00  late  release,  the  expansion  having  been  continued  to 
he  point  I,  and  the  release  not  taking  place  until  the 
piston  was  on  its  return  stroke. 

Early  Compression. — The  line  1-2-3,  diagram  7,  Fig. 
267,  indicates  too  early   compression,   the   pencil  being 
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Wc«d  above  the  initial  or  boiler  pressure,  and  falling 
Ideas  the  piston  of  the  engine  commences  its  return 
roke;  thereby  forming  the  loop  shown  in  the  diagram. 
Little  Compression. — The  compression  line  1-2,  dia- 
*m  8,  indicates  too  little  compression,  as  this  curve 
juld  be  much  more  rounded. 

No  Compression. — In  diagram  9  there  is  shown  no 
npression  whatever  .there  being  a  ■  "inn   .»r  right  an- 
at  1,  in  place  of  the  usual  cttl 

Choked  Admission. — The  admission  line  3-1,  diagram 
Fig.  268.  indicates  by  its  slanting  to  the  right  that 
r  admission  was  late,  due  to  the  valve  opening  late, 
e  steam  line  1-2  indicates  by  it-*  -.hint  downward,  :m 
efficient  Steam  supply  as  the  piston  moves  forward. 
doe  to  the  1  hoking,  ->r  wire-drawing,  of  the  steam 
m  having  too  small  ports. 

Leaky  Cut-Off. — 'I  he  steam  line  1-2.  diagram  11.  in- 
tatcs  a  leaky  cut  off.  the  point  of  cut  off  at  1  not  being 
srly  defined. 

Choked  Exhaust.— Tin  tchaust  line  1-2,  diagram  12. 
idicate-.  ;i  choked  exhaust,  as  the  exhaust  line  indicates 
Kwsive  back-pressure  on  the  return  stroke  of  the  pis- 
■,  thereby  making  the  point  2  at  which  release  takes 
'*tt  much  too  higl; 

Excessive  Back  Pressure. — The  exhaust  line  1-2,  ilia- 
am  13,  Fig.  260.  indicates  excessive  back-pressure,  the 
ic  being  too  high  above  the  atmospheric  line,  which 
Btinues  the   whole   length  of  the  return   piston,  there 
inp  no  fall  or  curve  at  the  release  point  _• 
Double  Admission. — The  steam  line  1-2-3,  diagram 
double  admission,  clue  to  leakage  or  irregu- 
rity  of  t!u-  valve  motion. 
Eccentric  Slipped  Back. — In  diagram   15,  the  ecccn- 
hown  slipped  back.     All  the  lines  show  the  events 
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Diagrams  4-5-6  Showing  iAte  Cut  Off. 
Pig.  266. 
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in  the  steam  distribution  to  be  late.  Instead  of  the  ad- 
mission line  being  vertical,  it  curves  to  the  right. 

Eccentric  Too  Far  Ahead. — In  diagram  16,  Fig.  270, 
he  eccentric  is  too  much  ahead  of  the  crank,  i.  e.,  the 
ingle  of  advance  is  too  great,  causing  all  the  events  in 
he  steam  distribution  to  take  place  too  early. 

The  admission  line  1-2  curves  to  the  left;  there  is 
lso  but  little  of  a  steam  line,  while  the  release  is  so 
arly  that  there  is  no  exhaust  line. 

Indicator  Inertia. — The  line  1-2-3,  diagram  17,  indi- 
ates  by  the  waves  in  the  curve,  the  inertia  of  the  indi- 
ator  spring.  The  line  1  in  diagram  18  also  indicates 
lertia. 

In  Fig.  271,  diagram  1,  the  line  shown  comprises 
oth  the  compression  and  admission  lines.  This  admis- 
ion  line  indicates  that  the  pressure  runs  up  suddenly  to 
ull  pressure,  the  line  being  perpendicular  as  it  should 
>e.  To  secure  this  line  the  steam  valves  must  open  fully 
lefore  the  piston  begins  its  stroke.  Should  the  valve 
'pen  too  soon,  this  line  will  curve  to  the  left;  if  on  the 
ontrary  the  piston  begins  its  stroke  before  the  valve 
■pens,  then  the  pressure  in  the  cylinder  will  not  be  full 
ressure,  and  this  line  will  curve  to  the  right.  The 
mount  of  lead  will  determine  to  a  great  extent  the  char- 
cter  of  this  line. 

Should  there  be  considerable  lead,  thereby  increas- 
lg  the  compression ;  then  the  compression  curve  will 
ave  the  appearance  shown  in  diagram  2. 

Diagrams  3  and  4,  indicate  that  the  piston  started  on 
s  return  stroke  before  the  valve  opened  to  admit  steam, 
hereby  curving  the  admission  line  to  the  right  from  a 
erpendicular  position,  showing  that  the  valve  opened  too 
tte.     The  angle  of  advance  of  the  valve  must  therefore 
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Diagrams  7-8-9  Showing  Compression. 
Pig.  267. 
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In  Fig.  i-ji  is  shown  several  more  types  of  admission 

t  compression  lines. 

In  diagrams  i  and  7,  the  loop  in  the  compression  line 

[caused  by  the  piston  starting  before  the  valve  opens, 

(using  the  compression  to  run  up  and  then  suddenly  fall 

(ck  as  the  piston  moves  forward. 

In  diagrams  3  and  4  arc  from  cards  taken  off  a  high 

wed  engine  with  a  shaft  governor.     The  loop  in  these 

igraniN  hi  caused  In  the  same  way  as  previously  shown. 

the  compression  becoming  greater  than  the  initial 

boiler    p  ami    suddenly    decreasing    when    the 

Ivc  opened. 

In  Fig.  273.  the  compression  lines  >hown  are  due  to 

Elty  valve  setting.     The  loop,  or  sharp  linn  in  diagram 
due  to  a  sudden  drop  in  pressure  from  the  valve  lift- 
from  its  scat,  or  some  similar  cause. 
In  diagram  2  there  is  no  compression,  which  is  due 
the  exhaust  valve  failing  to  close  in  time  to  cushion 
!  steam,  thereby  causing  a  possible  "pounding"  of  the 
pngine. 

The  line  in  diagram  3  is  also  caused  by  failure  of  the 
|xhaust  valve  to  close  at  the  proper  time. 

The  loop  in  diagram  4  can  be  caused  by  the  eccen- 
lit  slipping,  but  it  is  more  probably  caused  by  failure 
the  exhaust  valve  to  close  until  the  piston  was  on  its 
stroke.     The  exhaust  valve  in  this  case  remained 
so  long  that  the  pressure  forced  this  line  below 
exhaust   line,   at   which   point   the   admission    valve 
and  the  admission  line  ran  up,  thus  forming  the 


In  Fig.  274,  the  sharp  point  in  diagram  1  indicates 

I  much  lead,  causing  the  pressure  to  run  up  above  the 

al  pressure  and  causing  the  steam  line  to  quickly 

thereby  forming  the  sharp  point  or  corner. 
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Diagrams   10-1112  8howU.K  Choked  Aumiaaloo;   Leaky 
Choked  Exhaust. 
Fig.  2G8. 
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The  loop  shown  in  diagram  2  indicates  too  early  cut 
off,  thereby  permitting  the  pressure  to  drop  below  the 
atmospheric  pressure.  This  can  be  remedied  by  either 
reducing  the  boiler  pressure,  or  making  a  later  cut  off. 
The  latter  is  not  advisable,  as  it  will  lower  the  efficiency 
of  the  engine.  The  defects  in  the  other  diagrams  of  this 
figure  are  apparent. 

Valve  Setting  with  Indicator. — The  diagram  shown 
in  Fig.  275  indicates  too  early  admission.  The  cut  off, 
release  and  compression  are  all  too  early.  We  there- 
fore presume  this  card  is  taken  off  a  plain  slide  valve  en- 
gine, and  that  the  valve  has  too  much  angular  advance, 
and  hence  it  must  be  decreased. 

In  Fig.  276  the  admission  is  late,  as  well  as  all  the 
other  events  in  the  steam  distribution.  We  therefore 
must  increase  the  angular  advance  of  the  valve  until  the 
admission  line  is  perpendicular  to  the  atmospheric  line. 

In  Fig.  277  is  shown  the  diagram  of  a  valve  having 
too  late  a  cut  off,  thereby  causing  a  very  high  pressure 
at  release. 

By  making  this  valve  cut  off  earlier,  more  expan- 
sion can  be  obtained  from  the  steam,  and  the  pressure  at 
release  also  becomes  much  less. 

To  Find  the  Area  of  Cards. — As  we  have  seen,  in 
order  to  find  the  horse  power  of  an  engine  it  is  neces- 
sary to  know  the  mean  effective  pressure,  that  is,  the 
average  pressure  acting  on  the  piston  throughout  the 
stroke.  It  is  for  finding  this  mean  effective  pressure 
that  the  indicator  is  mostly  used  by  engineers.  This 
mean  effective  pressure  is  equal  to  the  area  of  the  indi- 
cator diagram  divided  by  the  length.  The  length  is 
easily  found  by  measuring  it,  but  it  is  much  more  diffi- 
cult to  find  the  area,  as  the  card  assumes  so  many  dif- 
ferent shapes. 
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Diagrams  13-14-15  Showing  Excessive  Back  Pressure:  Double  h 
mission:    Eccentric  Slipped    Back. 
Fig.  269. 
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Are*. — The  area  of  the  indicator  card  can  be  found 
m  (WO  ways,   viz.:     <i)   by   dividing  the  diagram   into 
ns,  and  (2)  by  the  use  <>f  a  planimeter. 
Aj  the  forma  BBCtbod  i>  rarely  used.  an<l  is  only  an  ap- 
proximate method,  it  will  not  be  considered. 

PLanimeter. — There  are  several  planimetcrs  and  av- 

1  erging  instruments  in  common  use  for  determining  the 

tncan   effective    pressure   of   indicator  cards.     All   these 

instruments  are  constructed  upon  the  same  general  prin 

ciples. 

DESCRIPTION  OF   PLANIMETER   AND   PANTO- 
GRAPH. 

The   Coffin    Planimeter. — This   instrument   is   ope 
[ited  by  moving  a  tracer,  with  which  it  is  fitted,  over  the 
ne  of  diagram,  recording  the  area  upon   a  graduated 
heel,  as  is  illustrated  in  Fig.  278. 
Operation. — In    using    the    Coffin    planimeter.    the 
[grooved   metal  plate.   I.  is  first  connected   to  the  board 
which  the  apparatus   i>   mounted,  in   the  position 
[ibon-n  in  the  cut.  being  held  in  place  by  a  thumbscrew 
plied  from  the  back  side.      The  indicator  card  is  then 
ced  under  the  clamps  C  anil  K   which  may  be  sprung 
from  the  board  a  sufficient  amount  to  allow   the 
ani  to  be  introduced,  and  the  card  is  moved  toward  the 
IWlinto  mh  h  a  position  that  the  atmospheric  line  is  near 
j'fland  parallel  with   the   lower   edge   of   the  stationary 
[damp  C,  while  the  extreme  left-hand  end  of  the  diagram 
1  even  with  the  perpendicular  edge  of  the  clamp.     The 
[movable  clamp  K.  which  is  fastened  at  the  bottom  to  a 
Uding  plate,  is  then  moved  toward  the  left,  till  the  ver- 
ibcai  beveled  edge  just  touches  the  extreme  right-hand 
W  of  the  diagram.     The  diagram  shown  in  the  cut  rep- 
proper   location    which   should    exist    when 
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these  preliminary  adjustments  have  been  completed. 
The  slide  at  the  bottom  of  clamp  K  fits  closely,  so  that 
the  application  of  a  slight  pressure  with  the  thumb  or 
finger  is  required  to  displace  it. 

The  beam  of  the  instrument  is  next  placed  on  the 
board,  with  the  pin  at  the  lower  end  resting  in  the  groove 
I,  and  the  weight  Q  applied  to  the  top  of  the  pin  so  as 
to  keep  it  securely  in  place.  The  tracer  O  is  moved  to 
the  right-hand  end  of  the  diagram  and  set  at  the  point  D, 
on  the  line  of  diagram,  where  the  clamp  K  and  the  dia- 
gram touch  each  other.  Here  a  slight  indentation  is 
made  in  the  paper  by  pressing  the  finger  on  the  top  of 
the  tracer,  and  this  serves  as  a  starting  point.  The  grad- 
uated wheel  is  next  turned  so  as  to  bring  its  zero  mark 
to  the  zero  mark  on  the  vernier.  The  instrument  is  now 
ready  for  operation.  The  tracer  O  is  carefully  moved 
over  the  line  of  the  diagram,  in  the  direction  of  motion 
of  the  hands  of  a  watch,  and  continued  till  a  complete 
circuit  is  made  and  the  tracer  finally  reaches  the  starting 
point  D.  Keeping  the  eye  on  the  wheel,  the  tracer  is 
now  moved  upward  by  sliding  it  along  the  edge  of  the 
clamp  K,  until  the  reading  on  the  wheel  returns  to  zero. 
Another  light  indentation  is  made  on  the  paper  to  mark 
the  new  position  which  the  tracer  occupies.  This  point 
is  represented  at  A  in  the  cut.  The  instrument  is  now 
moved  away,  the  clamp  pushed  back,  and  the  distance 
between  the  two  points  D  and  A  is  measured  with  a 
scale  corresponding  to  the  number  of  the  spring  used  in 
the  indicator.  The  distance  thus  found  is  the  mean  ef- 
fective pressure,  expressed  in  pounds  per  square  inch  of 
piston. 

The  Coffin  planimeter  determines  the  desired  result 
without  computation,  but  it  may  be  used  also  for  deter- 
mining the  area  enclosed  by  the  diagram.     This  area  is 


Admission  and  Compression  Lines. 
Fig.  271. 


Admission  and  Compression  Lines. 
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>wn  by  the  reading  on  the  graduated  wheel,  when  the 

of  the   diagram   has  been    made   and    the    tracer 

Sches  the  starting  point.  D        The  wheel  has  fifteen 

am  divisions,  each  of  which  represents  one  square  inch 

area.     Each  division  has  five  subdivisions,  etch  IUD* 

i  representing  one-fifth,  or  two-tenths,  of  a  square 

ch  of  area.     The  vernier  scale  enables  the  subdivisions 

lie  read  to  fiftieths,  each  of  these  fiftieths,  therefore. 

>rcsenting  two  one-hundredths  of  a  square  inch.     Hav- 

•  tained  the  srea  in  this  manner,  the  mean  effective 

ure  can  he  computed  therefrom,  if  desired)  by  divid- 

the  number  of  the  spring  representing  the  pressure 
r  inch  in  height  by  the  length  of  the  diagram  (inches) 
id  multiplying  the  quotient  by  the  area  (square  inches), 
i  first  placing  the  indicator  card  under  the  clamps,  care 
u*t  be  taken  to  have  the  ends  of  the  diagram  set  a  little 
vay  from  the  edge  of  the  clamp,  so  as  to  allow  for  one- 
ilf  the  diameter  of  the  tracer,  and  to  bring  the  tenter 
'  the  tracer  over  the  center  of  the  line  of  the  diagram 


, 


LAZY  TONGS  OR  PANTOGRAPH. 


n  Fig.  279  i-  Bhown  one  of  the  most  generally  used 
(■vices  in  indicator  work  for  reducing  the  engine  stroke. 
There  are  various  devices  used  to  reduce  engine 
rokes  to  conform  to  the  travel  of  the  drum  of  an  in- 
cator  not  equipped  with  the  reducing  motion.  The 
Ore  cut.  one-sixth  actual  size,  is  one  of  the  appliances 
rquently  used  to  obtain  the  necessary  motion  (on  a 
Juced  scale  between  the  paper  drum  and  the  engine 
>ss-head.  This  device  is  pivoted  at  the  end  (B)  by  a 
id  and  winged  thumb  nut  to  a  block  of  wood  or  angle 
n  secured  to  the  floor  of  the  engine  room,  while  the 
1  is  fitted  in  a  suitable  piece  secured  to  the  cross- 
of  the  engine.     The  actuating  cord  from  the  indi- 
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it  or  is  attached  to  the  cord  pin  (E)  on  the  cross-bar 
C  D).  This  cross-bar  may  be  moved  in  different  posi- 
ons  with  relation  to  the  center  (B)  by  changing  the 
crews  (C  and  D),  and  the  cord-pin  (E)  must  always  be 
laced  in  a  line  with  the  centers  (A  and  B).  The  posi- 
ion  of  the  cross-bar  (C  D)  in  relation  to  (B)  determines 
he  length  of  travel  of  the  cord-pin  (E),  and  consequently 
he  length  of  the  diagram. 

This  lazy  tong  can  be  used  to  obtain  any  desired 
eduction  of  motion  of  the  engine  piston,  of  various 
ength  strokes  up  to  72  inches. 

THE  CROSBY  STEAM  ENGINE  INDICATOR. 

Construction. — Fig.  280  shows  the  design  and  ar- 
rangement of  the  parts  of  the  Crosby  steam  engine  indi- 
cator. 

Part  4  is  the  cylinder  proper,  in  which  the  movement 
of  piston  takes  place.  It  is  made  of  a  special  alloy,  suited 
to  the  varying  temperatures  to  which  it  is  subjected,  and 
secures  to  the  piston  the  same  freedom  of  movement 
with  high  pressure  steam  as  with  low ;  and  as  its  bottom 
end  is  free  and  out  of  contact  with  all  other  parts,  its 
longitudinal  expansion  or  contraction  is  unimpeded,  and 
no  distortion  can  take  place. 

Between  the  parts  4  and  5  is  an  annular  chamber, 
which  serves  as  a  steam  jacket;  it  will  always  be  filled 
with  steam  of  nearly  the  same  temperature  as  that  in 
the  cylinder. 

The  piston,  8,  is  formed  from  a  solid  piece  of  the 
finest  tool  steel.  Its  shell  is  made  as  thin  as  possible 
consistent  with  proper  strength.  It  is  hardened  to  pre- 
vent any  reduction  of  its  area  by  wearing,  then  ground 
and  lapped  to  fit  (to  the  ten-thousandth  part  of  an  inch) 
a  cylindrical  gauge  of  standard  size.     Shallow  channels 


Too    o/rALY    /FD/V/SS/o/* 


~7~a  o 

Z.^T'lS 

C<S7~ 

O^^. 

^ya. 

J97'^'. 

STATIONARY  KNOINKKS: 


m:> 


its  outer  surface  provide  •>  ^t*;im  packing,  and  the 

:>isturc  and  oil  which  they  retain  act  as  lubricants,  and 
event  undue  leakage  by  the  piston.  The  transverse 
eh  near  its  center  rapports  a  central  socket,  which  pro- 
ds both  upward  and  downward;  the  upper  part  is 
rcaded  inside  to  receive  the  lower  end  of  the  piston 
4  \  the  upper  edge  of  this  socket  is  formed  to  fit  nicely 
to  a  circular  channel  in  the  under  size  of  the  shoulder 
the  piston  rod.  when  they  are  properly  connected.  It 
longitudinal  slot  which  permits  the  hall  bearing  on 
ie  end  of  the  spring  to  drop  to  a  concave  bearing  in 
ic  upper  end  of  the  piston  screw  o,  which  is  closely 
treaded  into  the  lower  part  of  the  socket;  the  head  of 
lis  screw  is  hexagonal,  and  may  be  turned  with  the  hol- 
iw  wrench  which  accompanies  the  indicator. 

The  piston  rod,    10.  is  of  Steel,  ami  is   made  hollow 

>r  lighl    '  Its  lower  end  is  threaded  to  screw  into  the 

socket  of  the  piston.     Above  the  threaded  portion 

a  shoulder  having  in  its  under  side  a  circular  channel 
rmed  to  receive  the  upper  edge  of  the  socket,  when 
esc  parts  arc  connected  together.  When  making  this 
mnection  the  piston  rod  should  be  screwed  into  the 
cket  as  far  as  it  will  go.  that  is.  until  the  upper  edge 

the  socket  is  brought  firmly  against  the  bottom  of  the 
lannel  in  the  piston  rod.  This  is  very  important,  as  it 
sures  a  correct  alignment  of  the  parts,  and  a  free  move- 
m-  of  the  piston  within  the  cylinder. 

The  swivel  head.  It,  is  threaded  on  its  lower  half  to 
rew  into  the  piston  rod  more  or  less  according  to  the 
quired  height  of  the  atmospheric  line  on  the  diagram, 
s  head  IS  pivoted  to  the  piston    rod  link  of  the  pencil 

iechaniam. 

The  cap.  2,  screws  into  the  top  of  the  cylinder,  and 
the  sleeve  and  all  connected   parts  in   place.     Its 


The  Coffln  Plantmeier. 
Fig.  278. 
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ral  hole  is  furnished  with  a  hardened  steel  bushing 

ch  form  ■  support  ami  a  guide  t>>  the  piston  rod.  <  >n 
jnder  side  arc  two  threaded  |>ortions.  The  lower  and 
illcr  projection  is  screw  threaded  outside  to  engage 
h  the  like  threads  in  the  head  of  the  spring,  and  hold 
irmly  in  place.  The  tipper  and  larger  projection 
ew-thrcaded  on  its  lower  half  to  engage  with  the  light 
eads  inside  the  cylinder;  the  upper  half  of  this  larger 
jection — being  the  smooth  vertical  portion — is  accur- 
ly  fitted  into  a  corresponding  recess  in  the  top  of  the 
inder,  ami  forms  thereby  ;i  guide  by  which  all  the 
iving  parts  are  adjusted  and  kepi  in  correct  alignment 

The  sleeve.  J,  snrroftnds  the  upper  part  of  the  cylin- 

orts  the  pencil  mechanism.     It  turns  freely. 

il  it  held  in  place  by  the  cap.     The  handle  for  adjusting 

(pencil  p  iinl  is  threaded  through  the  arm,  and  in  con- 

i  screw  in   tin-  plate.   I.  may  he  delicately 

listed  to  the  surface  of  the  paper  on  the  drum.     It  is 

'le  of  hardwood  in  two  sections;  the  inner  one  may 

lock-nut   to  maintain    the  adjustment. 

The  pencil   mechanism   is   designed   to  afford   stirh- 
trotgth   and    steadiness   of    movement,    with   the 
itneas:  thereby  eliminating  as  fai  as  possible  the  effect 
momentum,  w  lj    troublesome  in  high- 

cd  work.     Its  fundamental  kinematic  principle  is  that 
the  pantograph.     The  fulcrum  of  the  mechanism  as 
point  of  attachment  to  the  pi.-i  >n  rod.  and 

pencil  point,  are  always  in  a  straight  line.  This  gives 
the  pencil  point  a  movi  men!  exactly  parallel  with  that 
the  piston.  The  movement  ■  -f  the  spring  throughout 
range  bears  a  constant  ratio  to  the  force  applied,  and 
I  amount  of  this  movement  is  multiplied  six  times  at 
•  pencil  point.  The  pencil  lever,  links  and  pins,  are 
made  of  hardened  steel ;  the  lattci      slightly  tapering— 
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<  .'ii-und  and  lapped  t<>  fit  accurately,  without  percepti- 
ble friction  or  lost  motion. 

Springs. — In  order  to  obtain  a  correct  diagram,  the 

nent  of  the  pencil  of  the  indicator  must  be  exactly 

proportional  to  the  pressure  per  square  inch  on  the  pis- 

i  hi  the  Steam  engine  at  every  point  of  the  stroke;  and 

the  velocity  of  the  surface  of  the  drum  must  bear  at  every 

nstanl  a  constant  ratio  to  the  velocity  of  the  piston. 

The  piston  spring  is  of  unique  and  ingenious  design, 
Wing  madt  'f  a  single  piece  of  the  finest  spring  steel 
tvoand  from  the  middle  into  a  double  coil,  the  spiral 
rnds  of  which  arc  screwed  into  a  brass  head  having  four 
radial  wings  with  spirally  drilled  holes  to  receive  and 
bold  them  securely  in  place. 

Adjustment  is  made  by  screw  ing  them  into  the  head 
n»re  or  less  until  exactly  the  right  strength  of  spring  is 
obtained,  when  llu-\  an-  there  firmly  fixed.  This  method 
if  fastening  and  adjusting  removes  all  danger  of  loosen- 
ng  coils,  and  obviates  all  necessity  for  grinding  the  wires 
-a  practice  fatal  to  accuracy  in  indicator  springs. 

At  the  bottom  of  the  spring — in  which  lightness  is 
f  great  importance,  it  being  the  part  subject  to  the 
Tcatcst  movement — is  a  small  steel  bead,  firmly  attached 
5  the  wire.  This  bead  has  its  bearing  in  the  center  of 
In  piston)  and  in  connection  with  the  lower  end  of  the 
it. .n  rod  Uld  the  upper  end  of  the  piston  screw,  o.  (both 
f  which  arc  concave  to  fit),  it  forms  a  ball  and  socket 
lint,  which  allows  the  spring  to  yield  to  pressure  from 
ny  direction  without  causing  the  piston  to  bind  in  the 
ylinder,  which  is  sure  to  occur  when  the  spring  and 
iston  are  rigidly  united.  It  is  of  extreme  importance 
bat  the  spring  be  so  designed  that  any  lateral  movement 
may  receive  when  being  compressed  shall  not  be  com- 
municated to  the  piston  and  cause  errors  in  the  diagram. 
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The  Testing  of  the  Spring. — The  rating  or  measure- 
lit  of  the  springs,  both  in  vacuum  and  in  pressure,  is 
rmincd  with  great  care  ami  accuracy  by  special  ap- 
itus.     The  vacuum  test  i-  made  I  >y  a  powerful  vacuum 
ip,  to  which  is  connected  a  mercury  column  marked 
nehes.     The  pressure  test   is  by  the  direct  action  of 
steam  in  the  cylinder  of  the  indicator  and  in  a  mer- 
ly  column  simultaneously  operating  with  a  capacity  of 
•e  hundred  pounds   pressure  per  square  inch.     Suit- 
:  and  ingenious  electrical  apparatus  is  so  combined 
imns  that  the  ordinary  division  in 
icuum  and  in  pounds   pressure  respectively 
narked  on   the  test  card  on  the  indi- 

Idrnm  as  the  test  of  the  spring  proceeds.       Each 
i  in  pressure  to  twice  the  capacity  marked 
i  same, 
he  drum  spring.  31,   in   the  Crosby   indicatoi    is  a 
:r;<!  spring       It   is  obvious  from  the  large  contact 
[faces  of  irolnte  spring,  that  its  friction   would 

greater  than  that  of  a  short,  open,  spiral  form,  also, 
It  in  a  spi  ich  kind,  for  a  given  amount  of  com- 

-  as  in  iln  movement  of  an  indicator  drum — the 
oil  would   be  greater  and  expended  more  quickly  in 
ral  than  in  the  volute  form. 

If  the  conditions  under  which  the  drum  spring  oper- 
b  be  considered,  it  will  readily  be  seen,  that  at  the 
inning  of  the  stroke,  when  the  cord  has  all  the  rcsist- 
e  of  the  drum  and  spring  to  overcome,  the  latter 
uld  offer  less  resistance  than  at   any  other  time:  in 

beginning  of  the  stroke  in  the  opposite  direction, 
rthen  the  spring  has  to  overcome   the  inertia 

friction  of  the  drum,  its  energy  or  recoil  should  be 
itest. 

These  conditions  are   fully  met  in  the  Crosby  indi- 


Tli.    i"i..»i)>    Kccluring    VVbNl. 
Fig    281. 


STATIONARY    I        UX  I  BRINC, 


its  drum  spring  being  :i  short  spiral  having  no 
in,  has  a  quick  recoil,  and  Is  si  ientificalry  propor- 
d  to  the  work  it  has  t<i  do.  At  the  In-pinning  of 
>rward  stroke,  it  offers  to  the  cord  only  a  very  slight 
ance.    which    gradually    increases    by   compression, 

at  the  end  its  maximum  is  reached.  At  the  begin- 
of  the  stroke  in  the  Other  direction,  its  strength  and 
I  arc  greatest  at  the  moment  when  both  arc  most 
*d,  and  gradually  decrease  until  the  minimum  is 
icd  at  the  end  ol  the  stroke.  Tims  by  a  most  lit  - 
his  balancing  of  opposing  forces,  a  marly  uniform 
s  on  the  cord  is  maintameil  thrombin  mi  ••.ich  nv > 
n  of  the  engine. 

The    drum.    ^4.    and    its   appurtenances,   except   the 

1  spring,  arc  similar  in  design  and  function  to  like 

of  other  indicators,  and  need  not  be  particularly 

•ibed.      Ml  the  moving  parts  arc  designed  to  secure 

ient   strength   with   the  utmost    lightness,  by   which 
effect  of  inertia  and    momentum    is   reduced   to  the 

possible  amount. 

The  Crosby  indicator  is  made  with  .1  drum  one  and 
lalf  inches  in  diameter. 

THE  CROSBY  REDUCING  WHEEL. 

Construction. — The     Crosby     reducing     wheel,     as 
n  in   Fig.  281.  i»  attached   directly  to  the  cylinder 
of  the  steam  engine,  and  has  connected  to  it  the 
n  engine  indicator  which  it  is  to  serve;  thus  it  forms 
ie   or  support    for   the   latter,  and  receives    all    the 
is  and  shocks  in  the  operations  of  the  engine,  to  the 
of  the  indicator.     It  has  a  hellical  spring  which  is 
active  in  it--  purpose  than  the  voluti  spring  in  corn- 
use,  this  being  a  very  essential  feature  for  accurate 
ts  on  high-speed  engines.     The  cord  pulley  is  hori- 
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1,  to  allow  the  cord  leading  to  the  engine  cross-head 
)  take  any  direction  the  circumstances  may  require, 
ithout  regard  to  the  position  of  the  indicator. 

Whenever  the  reducing  wheel  is  to  be  attached  to  a 
crtical  engine,  an  elbow  r»i|»i*'«"  'N  provided  which  will 
low  the  cord  pulley  to  travel  in   the  propel   plane  for 
uiditig  it  to  the  cross-head  <>f  the  engine,  with  the  in- 
in  an  upright  p  BS  nsn.il. 

Operation. — Attach  it  directly  to  the  cylinder  cock 
F  the  steam  engine  by  •  I  the  union  4  of  the  stand- 

•d  1.    Conned  Ihe  indicatoi  t"  the  Mandard  1  witli  th« 

g  tube  '.J.  ami  the  in- 
:   guide  pulley  in  a  j.r. ipi.-r  position  over  the  stroke 
ulley  ao. 

To  Attach  the  Cord  Guide. — Loosen  the  cord  guide 

f  the  screw  beneath  the  cord  pulley  and 

love  it  around   u>  the  proper  portion  for  the  cord  to 

;  recti v  through  the  hole  in  the  cord  guide  without 

t,  10  the  cross-head  of  the  engine;  then  tighten  it 

place. 

To    Take    Up    the    Tension    Spring. — Release    the 

itimb  screw  -'J  in  the  end  of  tin    shafl  within  the  spring 

1  ;     t  iili  Iraw  tin-  knurled  spring  head  jr>  from  its 

|uarc  1  nil.  .\111I  t in ti  ii  "lie  1  .r  more  squares  as  may  be 

•sired 

tTo  Adjust  the  Stroke  Pulley. — Remove  the  knurled 
21  holding  the  stroke  pulleys  20  in  place  on  the  gear 
laft;  place  thereon  tin-  stroke  pulley  desired;  replace 
ic  disc,  and  screw  it  up  firmly  with  the  fingers. 

To  Attach  the  Indicator  Cord. — Adjust  the  indica- 
r  cord  one  or  more  turns  around  the  stroke  pulley  20, 
LSSinp  '1  tin   hole  in  and  around  the  book 

th<-  knurled  disc  21. 
When   Used   With    Other    Indicators. — Loosen    the 
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It  3  in  the  side  of  the  standard  i  where  it  is  attached 

the   cylinder  cock  of  the  steam   engine;  remove   the 

shing  and  insert  another  fitted  to  the  indicator  to  be 

Important  Suggestions. — In   all   cases  the  indicator 
rd  should  be  of  the  right  length  to  prevent  the  paper 
um  from  recoiling  against  its  stop;  and  before  attach- 
to  the  cross-head  of  the  engine  it  should  be  drawn 
full  length  to  ascertain  whether  or  not  the  cords 
id  reducing  wheel  have  been  properly 

Tking  parts  must  be  kept  well  oiled. 

le  reducing  wheel  is  adapted  to  be  used  with  a 

engine  indicator  having  either  a  ijj-inch  or  a  2- 

with  2-inch  drums  are  ordi- 

:,  the  reducing  wheel  will  be  provided  only 

.,    pulleys  for  such  size  drum.     If  the  reducing 

cd   with  an   indicator  having  the   i'/i- 

lm.  Id  be  so  stated  in  order  to  receive  the 

leys  of  the  proper  size. 

)R    STEAM    ENGINE    INDICATORS    WITH 
HOUGHTALING  REDUCING  MOTION. 

instruction. — This     patent     reducing    motion,    as 

n  Fig.  282,  composed  of  a  supporting  base  piece, 

'h  short  standards  that  form  bearings  for 

^on  which  the  flange  pulley.  O,  is  ro- 
d,  the  outci  being  a  pivot.  P,  which  receives 

lie  entire  thru:  (  of  the  shaft,  K,  thus  reducing  the  fric- 
ion  to  a  minimum,  It  is  connected  direct  to  the  indi- 
ator  upon  the  projecting  arm  that  supports  the  paper 
nnil,  B,  and  the  teeth  of  the  worm  shaft,  R,  mesh  di- 
ectly  into  the  teeth  on  the  drum  carriage.  Connected 
vith  the  base  piece,  K.  is  a  spring  Case,  D,  and  on  the 
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extreme  end  of  the  worm  shaft.  R,  is  secured  a 
nil  i^-tins  of  a  collar,  A.  through  which  the  clutch  pin. 
I.  fastened  to  the  flange  holding  swivel  collar,  U,  slides 
freely. 

The  flanged  pulley,  O,  runs  freely  and  independ. 
on  worn)  shaft.  R,  and  has  on  its  outside  a  clutch-shaped 
huh.  To  this  pulley.  O,  is  connected  the  actuating  cord, 
which  should  encircle  it  a  sufficient  number  of  time*  to 
have  its  length,  when  unwound,  a  little  more  than  cqiaJ 
the  length  of  the  stroke  of  the  engine.  The  other  end  of 
the  cord  is  secured  either  to  the  i  ross-head  of  the  cngir.f. 
to  a  standard  bolted  thereto,  or  to  any  moving  part  that 
li.is  an  exact  Similar  motion  and  must  be  connec 
line  from  the  pulley,  O. 

Enclosed  in  the  spring  case,  D,  is  a  small,  plain  spiral 
steel  spring  which  operates  solely  to  return  the  pulley,  0. 
hack  to  its  starting  point,  after  it  has  been  revolved  to 
one  direction    by    the   forward  movement  of  the  e 

head,  V-  this  pulley,  O,  has  an  independent,  ro- 
tating back-and-forth  motion  on  tin-  worm  shaft  R,  th-. 
necessity  of  unhooking  the  cord  when  the  indicator  iswM 
being  operated  is  entirely  overcome.  The  paper  drum. 
B,  i-  rotated  forward  by  means  of  the  pulley,  O.  through 
its  worm  shaft,  R,  engaging  with  the  worm  gear,  on  the 
paper,  drum   carriage,  and   in    th( 

backward,  by  the  action  of  its  own  retracting  spring.  On 
top  of  paper  drum.  B,  is  a  knurled  thumb  piece  mad* 
with  a  projecting  pin  on  its  under  side  to  engage  with 
a  similar  pin  located  in  the  top  of  the  drum,  and  is  to  be 
used  by  the  operator  for  moving  the  paper  drum  slightly 
forward  preparatory  to  taking  a  diagram,  to  prevent  the 
drum  from  striking  against  its  stop  on  the  return  motion. 

With  the  indicator  is  furnished  for  use  on  the  redttc- 
n.   three  different  sized   pulleys,  which  are  of 
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one-inch,  two-inch  and  three  and  one-half  inches  diam- 
eters. These  pulleys  are  sufficient  for  use  in  taking  dia- 
grams from  engines  having  length  strokes  from  six  inches 
to  four  feet 

Operation. — To  operate  this  device,  first  select  a  pul- 
ley whose  diameter  is  about  one-twelfth  of  the  length  of 
the  engine  stroke  in  inches.     See  table  following. 

Table  of  the  sizes  of  pulleys  required  for  use  on 
above  style  indicator,  for  piston  strokes  of  various 
lengths. 


Length  of 

Diameter  of 

Length  of 

Diameter  of 

Stroke. 

Pulley. 

Stroke. 

Pulley. 

i       Foot 

I 

Inch 

4 

Feet 

4      Inches 

\Yz  Feet 

*'/* 

Inches 

4Vz 

li 

A'A         " 

2 

2 

(i 

5 

ll 

5 

2y2     " 

*A 

a 

5'A 

a 

S'A     " 

3 

3 

a 

6 

41 

6 

VA     " 

syt 

a 

,< 


To  properly  place  this  pulley  upon  the  worm  shaft  R, 
first  remove  the  clutch,  and  then  slide  the  pulley  on  to 
the  shaft,  being  particular  that  the  small  hole  in  the 
pulley  brass  disc  sets  over  the  projecting  pin  in  the  cover 
of  the  spring  case  D.  Then  replace  the  clutch  by  push- 
ing it  on  to  the  shaft  as  far  as  it  will  go,  and  secure  it 
there  by  means  of  the  set  screw. 

Next,  place  the  indicator  on  the  engine  in  such  a 
position  that  the  side  of  the  pulley  will  be  parallel  with 
the  motion  of  the  cross-head.  Run  out  the  loose  end  of 
the  cord  to  a  distance  of  at  least  12  or  18  inches,  beyond 
the  extreme  forward  travel  of  the  cross-head,  still  leav- 
ing a  turn  or  -two  of  the  cord  on  the  pulley  unwound. 
While  holding  the  cord,  allow  it  to  gradually  recede  and 
rewind  itself  on  the  pulley  until  its  loose  end  has  reached 
» point  coincident  with  the  extreme  backward  travel  of 
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the  cross-head.  If  only  a  slight  tension  of  the  cord  ex- 
ists at  this  point  it  will  be  sufficient,  and  the  cord  may 
then  be  attached  to  the  selected  point  on  the  cross-head. 
The  cord  tension  may  slwa;  Iter  by  w 

ing  the  cord  on,  or  unwinding  it  from  the  pulley,  as  the 
case  requires,  one  increasing  and  the  other  decreasing 
the  tension. 

A  much  lighter  cord  can  be  used  in  proportion  as 
the  sizes  of  the  pulleys  increase. 

When  the  cross-head,  with  cord  connected,  is  at  its 
extreme  forward  travel,  there  should  be  just  sufficient 
tension  on  the  spring  enclosed  in  the  spring  case  D  to 
take  up  all  slackness  of  the  cord  when  running,  with- 
out overtaxing  the  spring.  If  upon  starting  the  engine, 
the  cord  should  at  first  run  unevenly  on  the  pulley 
turn  the  indicator  to  one  side  slightly,  until  a  \k- 
and  uniform  winding  of  the  cord  is  obtained,  which  can 
always  be  easily  secured.  When  pulley  O  is  running- 
motion  to  the  paper  drum  B  is  obtained  by  pushing  in 
the  swivel  collar  U,  to  which  the  clutch  pin  is  secured 

When  ready  to  take  diagrams,  after  placing  the  paper 
on  the  drum  B,  it  is  necessary  first  to  advance  the  drntn 
away  from  its  stop  fully  one-quarter  inch,  which  can  be 
done  by  turning  with  one  hand  the  knurled  top  thumb 
piece.  While  holding  drum  in  thus  position,  with  the 
other  hand  push  in  gently  the  swivel  collar  U  to  start 
the  paper  drum  in  motion.  The  motion  of  the  paper 
drum  B  can,  at  any  time,  be  stopped,  for  removing  di- 
grams taken,  and  renewing  the  paper,  by  withdrawing 
swivel  collar  U,  or  by  turning  top  thumh  piece,  the  latter 
method  being  preferable.  The  stopping  of  the  pap«f 
drum  will  not  affect  the  motion  of  the  pulley  O,  wbici 
will  continue  to  revolve  independently  while  the  engine 
U  in  motion  until  the  cord  is  disconnected 
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Outside  Connected  Springs. — High  temperatures  in 
agine  cylinders  have  had  an  effect  upon  indicator  con- 
traction. The  effect  of  high  temperature  in  both  steam 
ad  gas  engines  upon  the  pressure  springs  placed  inside 
be  cylinders  is  very  injurious  and  causes  rapid  dcterior- 
tion  of  the  springs  and  consequent  inaccuracy  of  the  in- 
icator  diagram.  To  overcome  this  objection  outside 
onnected  springs  are  used. 

The  Tabor  Outside  Spring. — It  will  be  seen  in  the 
Hon  shown  in  Fig.  2X3  thai  tin  onty  important 
hangc  to  meet  these  more  .Muting  conditions  was  the 
emoval  of  the  pressure  spring  from  the  inside  of  the 
ylindcr  and  placing  it  on  the  outside  of  the  indicator 
vherc  the  temperature  is  but  very  little  higher  than  the 
tormal  temperature  of  the  surrounding  atmosphere.  This 
nst ruction  is  advantageous  for  several  reasons  aside 
rom  relieving  the  spring  from  the  deteriorating  effect 
:i  temperatures.  «  >nc  particular  advantage  is  that 
ition  outside  of  the  cylinder  makes  the  spring  more 
iccessible  for  changing.  To  remove  or  change  a  spring 
t  is  unnecessary  to  disconnect  the  indicator  or  to  handle 
nghly  heated  parts.  The  spring  can  be  'hanged  immc- 
liately  if  it  i*  desired,  and  it  is  never  necessary  to  allow 
he  indicator  to  cool  in  order  to  accomplish  this. 

Springs  for  inside  and  outside  spring  indicators  dif- 
er.  In  ordering,  it  must  be  unmistakably  stated  which 
ityle  of  spring  is  required. 
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MECHANICAL  REFRIGERATION. 

Definition. — Refrigeration  is  the  act  of  cooling:  or  re- 
ducing the  temperature  of  a  body,  and  mechanical  re 
frigeration  is  reducing  of  the  temperature  of  a  h* 
artificial  means. 

Methods. — This  cooling  process,  or  refrigeration, 
can  be  secured  in  several  ways,  viz.:  (i)  By  transferring 
the  heat  of  a  warmer  body  to  a  colder  i  me :  t  he  warmer 
body  giving  up  its  heat,  and  hence  in  cooled.  Heat  can 
only  be  removed  from  the  body  by  brio  hi  contact 

with  a  body  colder  than  itself.  (-)  By  the  melting  and 
dissolving  of  solids,  thereby  absorbing  the  heat  from  tit? 
surrounding  bodies.  (3)  By  the  evaporation 
liquids  which  have  a  low  boiling  point;  the  latent  hei! 
given  off  by  the  rapid  evaporation  representing  the  de- 
gree of  cold  so  produced.  (4)  By  compression  and 
expansion;  the  gas  in  resuming  its  original  ecu 
necessarily  absorbs  heat,  and  thus  produces  the  rcfrigef- 
ating   effect.     This   last   a  based    upon   the  well 

known  physical  law  that  when  a   gas   ii  compressed.  ' 
gives  out  heal  as  its  volume  is  reduced.     When  the  ga> 
is  allowed   lo  expand  it  absorbs  the  heat 
rounding  bodies,  thus   reducing    their   tenr 
it  makes  them  .older.     In  order  to  accomplish  it 
frigcrating  effect,  the  substance  must  have  such  a  low 
boiling    point    that   upon    exposure    to 
rapid  evaporation  takes  place. 

There  arc  several  substances  that  have  a  sufficienth' 
1'  w  boiling  point  to  be  employed  in  the  production  of 
artificial  cold,  such  as  carbonic  acid,  ether,  nitrous 
mcthalymenc   and    ammonia,   bul    the    expense   ■■!   ■' 
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duct  ion.  with  the  single  exception  of  ammonia,  is  too 
at  to  permit  of  their  use  for  practical  work. 

The  single  exception  to  the  above  substances,  is 
lid  ammonia,  or  anhydrous  ammonia  U  it  is  known. 

Anhydrous  Ammonia. — This  is  an  alkali  liquid,  non- 
immable  and  non-explosive,  which  boils  at  a  tempcra- 
■  of  88J4  degrees  Fahrenheit  below  zero. 

When  we  consider  that  the  freezing  point  of  gob- 
It    general   use    is   3a    degrees    Fahrenheit, 
ibstances  at   freezing  temperature  would   be  very 

in  win:  jred  to  the  ordinary  temperature  of 

liquid. 

he  terms  heat  and  cold  are  m.  rely  relative  terms.  A 

peraturc  of  32  degrees  Fahrenheit  is  considered  for 

larpoaes  extremely  cold,  and  yet  when  compared  to 

■mpcraiure  of  4<>i  degrees  below  zero,  which  is  the 

>lntc   zero  of  cold   so   far   a-   yel    produced,   it   tlien    be- 

Kueh  a  high  temperature  thai  it  could  be  called  a 
j  temperature  or  warm  instead  of  cold. 
When   two  bodies   arc  brought    into  contact,   the 

Of  the  two  always  imparts  its  heat   to  the  other 

1  both  bodies  have  the  same  temperature.     That  is, 

colder  bod)   absorbs  the  heat  of  the  surrounding  air 

the  same  as    1  sponge  absorbs  a  liquid   i" 

ch  it  is  immersed. 

\-.  the  heat  from  the  surrounding  bodies  is  absorbed 
the  1  iting  bodies,  they  become  colder  and  the 

t    body  warmei     until    the    temperature    is 

aliz4 

It  is  tbiiv  seen  that  the  colder  body  extracts  the  heat 
ra  the  other  bodj  .  and  in  turn  it  becomes  warmer  as 
:  nther  gTOWS  colder. 

This  is  what  takes  place  when  ammonia  is  brought 
comae  1  with  anv  substance,  and  it  is  by  the  evapora- 
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tion  of  ammonia  that  nearly  all  artificial  i 
as  well  as  all  refrigerating. 

The  ammonia  when  it  if  exposed  to  the  atm 
will  evaporate  and  contintte  to  absorb  heal  until  the  sub- 
stance which  is  being  cooled  loses  bo  much  of  Us  beaJ 
that  it  becomes  as  cold  as  the  ammonia.  When  ttn» 
point  is  reached,  the  ammonia  will  cease  iporatc 

and  will  remain  in  a  liquid  state. 

Pressure  and  Temperature. — If  a  gas  be  com] 
its  volume  will  be  reduced  and  its  temperature  raised  tj 
the  heat  that  is  squeezed  out  of  it, 

When  the  gas  which  has  been  compressed  is  released 
it  flashes  into  vapor,  extracting  heat  from  the  surrouw 
ing  bodies  and  thereby  lowering  their  temperature  as  ii 
temperature  rises. 

Hence,  if  a  gas  whili  subjected  i"  a  uniform  pres- 
sure be  discharged  into  an  air-tight  vessel  which  is  brin| 
constantly  cooled  by  water,  or  Other  substance  at  :. 
temperature  than  the  confined  gas,  (hi  U  will 

condense  inside  the  vessel  and  return  to  the  liqn 
while  the  temperature  of  the  cooling  water  is  raise 
the  heat  which  it  has  absorbed  from  the  ga«. 

The   temperature   of   the   cooling  water   determine4 
the  pressure  to  which  the  gas  must  be  subject' 
to  raise  its  point  of  evaporation   sufficiently  high 
able  it  to  exist  as  a  liquid,  when  chilled  by  the  MfflK* 
of  the  vessel. 

All  mechanical  refrigeration  is  based  upon  the  lbO*« 
principles. 

Refrigerating   Apparatus.— The  simplest   form  ot  ) 
refrigerating  apparatus  is  shown  in  Fig.  284. 

The    rapid    evaporation    of    the    ammonia    v.':. 

made  to  pass  through  a  coil  placed  in  a  tank  containing 

water  or  brine,  reduces  the  temperature  of  the  cofW*- 
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low  flu'  freezing  point,  cupon  absorbs  the  in 

from  the  surrounding1  water  or  brine  in  the  toi 
gcalcr  as  it  is  called,  until  the  temperatun 
low  freezing,  when  it  con^rals  ami  forms  ice,  if  the  i 
contains  water;  or  reduces  the  temperature  of 
below  freezing  point. 

While  the  work  performed  by  this  apparatus 
effective,  it  is  far  too  expensive  for  practical 
ammonia  gas  is  all  wasted,  it  being  discharged  ft 
end  of  the  coil  as  shown  in  the  illustrate 

In  Fig.  285  is  shown  a  complete  refrigerating  appar- 
atus, in  which  apparatus  the  amnion i  cd  an*" 
us..'. 1  nvn  and  ovet  Igain. 

By  following  the  direction  of  the  are 
seen  that  the  ammonia  makes  a  complete  circus-, 
travel.     The  actual  work  of  refrigeration  is    ' 
rapid   evaporation   of   the  ammonia   in   the  cvapora' 
coils  shown  in  the  congealcr  or  brine  tank.      The  gas 
then  liquefied  for  further  use  by  the  compri 
it  through  the  condenser  coil  under  a  pressure  of  al 
175  pounds  to  the  square  inch,  the  heat  being  abso 
by  cold  water  which  flows  over  tin-  condenser,  as  si 
in  the  cut. 

The  evaporation  coil  performs  the  same  duty  as 
tubes  or  Hues  in  a  boiler.     The  steaming  cap] 
boiler  depends  to  a   large   extent   DpOH   the   amount 
heating  surface  in  the  tubes  <>r  flues;  while  the 
capacity  of  the  ice  machine  depends  to  a  large  ext 
upon  the  amount  of  surface  of  this  coil 
air  or  other  substance  to  be  cooled.     In  a  practical  I 
paratus  there  are  a  number  of  such  coils  used. 

The  heat  absorbed  from  the  surrounding  air,  or 
substance  in   contact  with   these  coils,  causes  suffio 
heat  to  be  imparted  to  the  ammonia  liquid  to  boil  ii 
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a  vapor,  the  same  u  steam  is  generated  by  the  heat  im- 
parted to  the  water  from  the  fire  in  the  furnace. 

As  the  gas  forms  in  the  evaporating  coils,  the  com- 
pressor pump  is  set  in  motion  to  suck  or  draw  the  gas 
from  the  coils  as  East  m  it  is  formed,  drawing  it  out  of 
the  evaporating  coils  and  forcing  it  into  the  condenser, 
where  the  heat  which  the  gas  absorbed  in  its  expansion 
is  removed  from  it  by  the  cooling  water  which  flow 
the  condenser,  leaving  the  liquid  ammonia  ready  to  again 


be  drawn  into  the  expansion  coils  for  further  refri;: 
ating  work.     This  operation  is  a  continue  11  only 

being  necessary  to  replace  at  intervals  the  small  amount 
of  ammonia  that  is  lost  from  leakage.     In   Fig.  28; 
shown  the  ordinary  type  of  compressoi  used  :  pur- 


eeing necessary  to  replace  at  intervals  the  small  amount 
at  is  lost  from  leakage.     In   Fig.  287  is 
iary  type  of  compressor  used  for  thi 
pose. 

Cycle  of  Operation. — A  comph  of  opcr. 

therefore  comprises  three  parts: 

A  Compression  Side,  in  which  the  gas  is  compr-. 
by  the  compressor. 

A  Condensing  Side,  which  consists  of  coils  of  pil 
which  the  compressed  gas  circulates,  parts  with  its  heat, 
and  liquefies. 

An  Expansion  Side,  which  consists  of  coils  of  pipe 
iti  which  the  liquefied  gas  re-expands  into  a  gas,  absorbs 
heat,  ami  performs  the  actual  r<frigeratin| 

As  wc  have  seen,  these  three  sides  or  parts  arc  con- 
nected together,  the  gas  passing  through  them  in  the 
order  named. 

The  liquefied  gas  is  allowed  to  flow  into  the  cxi>an 
sion  or  evaporiz'ng  coils,  where  it  is  vaporized  and  ex- 
1  lands  under  a  pressure  varying  from  IO  to  30  pound* 
above  that  of  the  atmosphere.  The  gas  then  passes 'int» 
the  compressor,  is  compressed  and  forced  into  the  con- 
denser, where  a  pressure  of  125  to  175  pounds  per  squaf 
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li  usually  exists.  thereby  producing  liqucrication.  The 

resulting  liquefied  gas  is  then  allowed  to  flow  through  a 

stop-cock  having  a  minute  opening,  called  an  expansion 

which  separates  the  compression  from  the  expan- 

Ic  of  the  plant. 

The  suction  or  low  pressure  side  of  the  refrigerating 
rtnected  to  the  compressor  s.>  as  to  permit 
being  drawn  off  as  it  enters  the  expansi 
1,  in  this  way  the  pressure  being  kept  at  from  10  to  30 
pounds  above  the  atmosphere. 

From  the  description  '<(  the  above  apparatus  it  is  ap- 
parent that  if  the  expansion  coils  arc  placed  in  an    in- 
ted  room,  that  the  temperature  of  the  room  will  be 
reduced  or  refrigerated;  also  if  brim  or  wort  is  brought 
tact  with  the  surface  of  the  coils  the)  also  will  be 
reduced  in  temperature;  ami  that  brine  so  cooled  can  be 
used   to  refrigerate  an  insulated  room  by  simply  forcing 
circulate  through  pipes  or  gutters  suspended  in  the 

iiC. 

The  apparatus  above  described  can  be  used  not  only 
for  the  refrigeration  of  breweries,  packing  houses,  etc.. 
but  also  for  the  manufacture  of  ice,  as  will  be  hereafter 
l.iined. 

Systems  of  Refrigeration.— T- ■  utilize  the  cold  pro- 
duced  as  above  shown    there   are   two   systems,   each   of 
which  has  its  advantages,  viz.:  1  1  1    By  pumping  the  cold 
brine,   cooled   as   above   explained,   through   a    system   of 
ies   to  the   apartment    to   be    cooled,   which    method    is 
led  the  brine  system;  and    (2),  By  placing  the  cvap- 
coils  directly  in  the  apartment  to  be  cooled,  which 
-tern  is  called  the  direct  expansion  system. 
Brine  System. — In  this  system,  the  evaporation  coils 
placed  in  a  tank  which  is  filled  with  a  strong  brine 
illy  made  of  common  salt,  it  being  selected  as  it  v. ill 
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places  in  iiu  apartment  t< 

This  process  of  rcfr 
reverse  of  heating  by  stca 
being  absorbed  in  the  firs 
parted  in  the  latter. 

The   brine  after    abft 
ment,  is  finally  returned 
again  cooled  by  the  :um> 
lated  throughout  the  <■•  »< ►! i 
are  called. 

This  operation  of  n 
tinuous  one. 

Brine  Plant. — A  brii 
pressor,  (2)  Condenser,  ( 
(5)  Ammonia  Expansio 
Pipes. 

The  advantages  of  th, 
expansion  lystcm,  are,  1 1 

CtUnpaciiu-ss  of  machine 
same  to  be  installed  in  tl 
be  under  the  constant  ( 
venience  in  circulating  t 
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mpart  but  little  heat  between  certain  tempcra- 

ereby  impeding  the  cooling  or  refrigeration.     It 

I  deposit  of  salt  in  the  circulating  pipes, 

hem  to  clop.  etc..  and  also  producing  a  loss  of 

ducting  efficiency. 

!  should  never  therefore  contain  more  than  25 
of  salt,  this  being  as  much  a>  will  be  held  in 
at  zero  degrees  Fahrenheit, 

meter. — The  strength  of  the  brine  can  be  readily 
icd  by  means  of  a  salometer.  -which  is  simply  an 
nt  made  to  float  in  the  brine :  the  line  to  which 
ndicatcs  the  percentage  of  salt,  a  reference  table 
ed  for  this  purpose. 

e  Cask. — In  Fig.  286  is  given  a  common  form  of 

Ek.  which  consists  simply  of  8  barrel   with  a 
s,  or  wooden  grate,  about  6  or  8  inches  from 
,   which    grating   is    made   of   small    strips   of 
Dt  1  inch  square,  and  placed  not  over  l/t  inch 
is  grating  should  be  supported  by  two  strips 
i<  or  7  inches  wide,  placed  on  end  and  nailed  to 
■m.     These   boards   should   have   several   holes 
r  the  bottom  to  permit  a  free  passage  of  the 
he  water  inlet  must  be  below  the  false  bottom, 
inch    pipe.     A    single    thickness    of    burlap 
stretched  over  the  bottom  and  tacked  to  the 
the  barrel.     The  outlet   pipe  should   be  about 
ipc,  and  should  be  located  about  5  inches  below 
the  barrel.     Fill  the  barrel  with  salt,  and  turn 
ater.     As  the   salt   dissolves    readily  it   is   not 
to  stir  same.     Skim  off  all  waste  matter,  and 
e  outlet  with  a  strainer  of  some  kind  to  pre- 
ss, etc.,  from  getting  into  the  brine, 
ium    Brine. — The    advantage    of   using  calcium 
ts  cleanliness.    It  docs  not  clog  the  pipes,  and 
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in  consequence  a  better  conduction   of  heat  is  o' 

Its  freezing  point  can  a  ,\  several  to 

grecs  lower  than  when  the  common  salt  brine  i-. 
The  objection  to  its  use  is  solely  due  to  its  c 

lively  high  price. 

It  is  prepared   iu   a  similai    manner   to   tin 

salt  brine. 

Pipes  in  Brine  Tank. —  I  cfrigcr.- 

inch  pipe  is  used;  about   150  running  feet  of  1 
pipe  being  allowed  for  each  ton  of  refrigerating  ca 
during  24  hours  in  the  brine  tank. 

In  ice  making,  about  300  feet  of  this  size 
in  the  brine  lank  per  ton  of  ice  to  be  manufacture)  * 

ing  the  24  horn-. 

Direct  Expansion  System. — In   this  system  the 
pans  ion  or  evaporating  coils  are  placed   directly  in 
apartment  to  be  cooled,  thereby  entirely   disposi 
the  use  of  a  brine  in  any  form. 

Advantages. — The  apparatus  to  circulate  the  hrin 
together  with  the  power  necessary  to  operate  it,  is 
saved.     A  higher  cfhcieni  also  obtahv 

ference  in  pressure  between  the  delivery  and  return 
of  the  compressor  is  much  less  than  with  the  I 
system. 

The  expense  of  the  first  cost  is  not  only  mo 
but  the  apparatus  itself  is  much  simpler  in  opcr 

Disadvantages. — The  disadvantage  in  the  useofthi' 
system  is  the  leakage  in  the  pipes,  as  the  gas  must  not 
only  be  kept  under  pressure,  but  it  is  extremely  pene 
trating,  and  attacks  the  metals  ordinarily  used. 

In  order  to  prevent  such  leakage,  it  is  necess;i 
all  pipe  and  fittings  be  most  carefully  made  and  tested  In 
a  high  pressure.     All  ammonia  fittings  are  usually  aait 
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able   iron,  drop  forcings,  semi-steel  or  air   fur- 

monia   has   no   chemical    effect    upon    iron,   and 
:  all  tanks,  pipes  >>r  fittings  made  of  iron,  may 

in  constant  contact  with  ammonia,  and  no  in 
action    will    be    apparent.     The   only    protection 
I  that   ammonia  expanding  pipes   require  when 

iron,  is  from  corrosion  on  the  outer  surface  of 

ential  Parts. — A  direct  expansion  system  therc- 
<f  requires  (i)  Compresser,  (2)  Condensor,  and 

iplete  system  >.f  j >  1 1 •  1  t  1  :^ 

287  and  288  show  a  York  refrigerating  ma- 

— The  size  of  pipe  usually  adopted  for  cxpan- 
,  when  this  system  is  used,  is  2-inch  pipe,  such 
g  lap-welded  instead  of  butt-welded  as  in  the 
sizes.  The  friction  of  the  gas  passing  through 
.  i    also  much  less  than  when  the  smaller  size 

faking  Plant. — There  arc  two  principal  systems 
ic  manufacture  of  ice.  viz.:  (1 )  The  can  system. 
ie  plate  system,     fn  addition  to  thesi   I  wo  \\ - 
re  is  also  what  is  known  as  the  stationary  cell 
>ut  as  this  system  is  rarely  used,  it  will  not   be 


Can  System. — In  Fig.  280,  is  shown  a  sectional 
ijc  freezing  tank  used  in  this  system.  This  tank 
kith  salt  brine,  which  is  reduced  to  a  tempcra- 
elow  the  freezing  point  by  parallel  rows  of 
evaporating  pipes  immersed  in  same.  Lietwccn 
vs  of  evaporating  pipes,  sufficient  spare  is  left 
to  be  inserted, 
cans  are  filled  with  distilled  water,  the  process 
eing  the  same  as  explained  where  the  brine 
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system  i-  used  1  Ik-  ammonia  evaporating  coils  absorb 
the  heat  from  the  brim-,  and  this  in  turn  absorbs  the 
heat  from  the  water  in  the  cans  which  b  to  be  frozen. 

Tbia  is  the  system  most  in  use  for  the  artificial  tnak- 

of  ice. 

The  freezing  tank  is  usually  mad*   of  iron  <>r  wood. 
"J  he  cans  are  made  of  galvanized  iron,  which  an-  COW 
Will)  wood, n  tops.  The  linn-  required  to  freeze  the  wan  i 

in  the  cans  varies  bona  -■-'  bo  |S  hours,  depending  upon 

the  thickness  of  the  mould  and  the  temperature.  These 
ice  DMMllds  are  generally  madf  I00>  200.  300  and  40O 
|>oiinds  in  size:  a  suitable  hoisting  apparatus  being  pro- 
vided to  remove  the  cans  from  the  tanks.  A  thawing 
device  is  required  to  loosen  the  cakes  of  ice  from  the 
cans.  Such  a  device  usualh  consists  of  a  form  of  a 
sprinkler,  warm  water  being  used.  A  hot  well  is  often 
used  in  which  the  can  is  immersed.  The  cake  will  then 
easily  slip  0U1  of  the     an,  ami  is  ready  for  the  market. 

The  can  is  then  again  rc-hllcd  with  fresh  water,  and 
replaced  in  its  position  in  the  tank,  where  the  freezing 
again  begins.  Thus  a  continuous  process  is  established, 
which  permits  of  a  regulai  output  throughout  the  day 
and  night.  In  order  to  gel  the  greatest  production  .it  the 
least  cost,  ice-making  plants  are  run  day  and  night. 

Plate  System. — In  this  system  a  hollow  plat)  .  usn 
ally  made  of  boiler  iron,  is  immersed  in  a  tank  containing 
the  fresh  water  to  be  frozen. 

This  hollow  plate  is  tilled  with  brine,  which  is  kept 
below  the  freezing  point  by  evaporating  coils  placed  in 
same,  as  is  done  in  the  can  system. 

By  thus  keeping  the  plate  at  a  sufficiently  low  tem- 
perature, ice  will  be  formed  on  both  sides  of  it,  and  in 
the  course  of  time  two  layers  of  ice  will  be  built  up  on 
the  two  sides  of  the  plate.    In  order  to  remove  this  ice, 
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the  cold  brine  is  drawn  from  the  plate,  and  in  case  tht 
evaporating  coils  are  inside  of  the  plates,  the  circ 
of  ammonia  i"  them  is  stopped.  Tepid  water  is  the* 
supplied  to  the  hollow  plates,  and  after  a  short  while  tie 
ice  is  loosened  from  them,  and  can  he  hoisted  nut  of  the 
tank  by  means  of  cranes. 

In  this  system  the  ice  is  produced  in  large  pieces. 
weighing  one  or  more  tons,  and  a  length  of  time  of  H 
or  12  days  is  required  to  freeze  it. 

This  system  is  used  almost  exclusively  for  makinc 
ice  for  skating  rinks.  The  ice  is  made  only  once  in  » 
season,  but  the  surface  which  is  cut  Up  by  the  skates" 
reformed  every  night.  To  prevent  undue  growth  anil 
thickness,  the  ice,  from  time  to  time  is  planed  down  tw 
a  special  machine. 

Efficiency  of  Refrigerating  Machines. — The  useful 
effect  of  a  refrigerating  machine  depends  upon  the  ratio 
between  the  heat  units  eliminated  and  the  work  expewW 
in  compressing  and  expanding.  • 

The  performance  of  the  machine,  expressed  i" 
pounds  of  tons  of  "ice-melting  capacity."  mem 

that  the  refrigerating  machine  would  make  the  suit 
amount  of  actual  ice,  but  il  means  only  that  the  cold 
produced  i-.  ...  |  m '.aleut  to  tin  i  the  melting  of  ice 

at  .v  decrees,  to  water  of  the  same  temperature, 

Therefore,  refrigerating  machines  arc  rated  by  the 
effect  they  produce  equivalent  to  the  melting  of  a  corre 
spending  amount  of  ice. 

The  melting  of  one  pound  of  ice  is  equivalent  to  the 
absorbing  of  142  units  of  heat,  but  in  making  ice  from 
water,  wc  have  to  remove  more  than  the  142  heat  onitS- 
It  is  first  necessary  to  reduce  the  water  to  32  degrees 
before  wc  arc  ready  to  produce  the  ice.  If  the  watt 
70  degrees  this  means  the  removal  of  30  heat  units.   Bm 
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ice  cannot  be  made  with  economy  without  going  to  a 
::T.perature  much  lower  than  32  degrees.  The  ice  when 
formed  may  have  a  temperature  of  18  degrees,  and  the 
specific  heat  of  ice  being  .5,  this  means  the  removal  of 
<>re  heat  units;  wc  therefore  have  to  remove  18"  heat 
its  instead  of  142  units,  to  produce  a  ton  of  ice.  Thus 
a  200-ton  machine  which  would  easily  produce  a  refrig- 
erating effect  equal  to  the  melting  of  200  tons  of  ice. 
would  produce  only  148  tons  of  actual  ice.  when  the  in- 
evitable losses  attending  the  use  of  large  freezing  tanks 
and  the  handling  of  ice  is  also  considered. 

Insulation. — N'ot  only  must  the  pipes  running  from 
tie  compressor  to  the  condenser,  and  from  the  condenser 
to  the  expansion  coils  he  most  carefully  insulated,  but 
also  the  storage  room 

By  proper  insulation,  the  heat  outside  the  rooms  and 
pipes,  is  prevented  from  penetrating  or  coming  in  con- 
tact with  same,  and  imposing  thereby  additional  work 
f  refrigeration. 

\\\  sible  i"  keep  the  outside  heat  altogether 

from  entering  the  storage  room,  it  would  then  he  neces- 

to  cool  or  refrigerate  a  room  but  once.  Hut  this  is 
impossible,  and  it  therefore  becomes  necessary  to  con- 
struct these  cooling  or  storage  rooms  with  the  most  per- 
fect insulation  possible,  in  order  to  avoid  the  employ- 
ment of  a  large  surplus  of  refrigerating  power  to  take 
care  of  this  negative  heat. 

Since  a  large  percentage  of  the  actual  work  of  the 
refrigerating  plant  is  required  to  make  up  for  the  passage 
of  heat  through  the  walls,  floors  and  ceilings  caused  by 
poor  insulation,  therefore  only  best  insulation  should  be 
used. 

In  Fig.  290  is  shown  the  usual  methods  of  insulating 
buildings  or  itorage  apartments. 
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e  Dc  La  Vergnc  Horizontal  Ice  Machine. — This 
own  type  of  ice  machine  is  Bhowu  in  1'ig  291,  it 
heir  horizontal  motor-driven  Miaehine  of  5,  10  and 

Bcription. — As  in  their  vertical  c pressors,  the 

an>!  irge  lines  are  divided  and  SO  arranged 

lo  not  have  to  be  'Unconnected  in  order  to  re- 
tic  valves.  Thi  b]  pass  valves,  used  when  wri- 
ts of  the  system  are  to  be  pumped  out ;  expansion 
or   controlling   cylinder    temperatures    while    the 

Ig  put  in  operation:  and  the  main  suction  and 
M  valves  arc  all  conveniently  located  jn.-i  .- 1 1 . < . -. . - 
cylinder  within  easy  reach  of  the  engi- 

h  of  the  valve*  peculiar  to  this  ma- 
the  same  port  to  be  utilized  for  both  suction 
gases      This  design  not  only  reduces  the 
clearance,  but  by   tempering  the  extremes  of 
Hires   eliminates  to  a    great  extent 
intagcr.us  effects   due  to   expansion  and  con- 


ic tli.-.r  compressors  are  fitted  with  water  jack- 
Iry  ion  work,  the  peculiar  method  of  dis- 

g  through  ports  in  the  bottom  of  the  cylinder  al- 
lis   machine   to  easily   discharge   large   quantities 
:!  which  might  accidentally  enter  the  compre 
;  endangering  the  machine  and  at  the  same  time 

it  absolutely  impossible  for  parts  of  broken 
to  get  into  the  cylinder.  Two  suction  and  two 
ge  valves  only  arc  used,  a  point  which  greatly 
! he  detecting  and  locating  of  leaks,  and  their 
menl  at  right  angles  to  the  cylinder  makes  tfx  if 
I  a«  easy  as  that  of  a  Corliss  engine  valve 
e  De  La  Vergne  System.— hi  Fig.  292  is  shown 
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i  diagrammatic  general  arrangement  pkal  I>e  La 

Vergnc  Refrigerating  System,     The  hot  gas  dischargri  [ 
bj    the   compressor  passes  first  through    a   globe  rifel] 
known  as  the  discharge  valve,  at  the  left  hand  side  o! 
the   cylinder  and   then   to   the  pressure   tank.     I 
the  pressure  tank  it  passes  up  the  riser  marked  hot  gu  | 
line,  through  a  check  valve  and  down  a  header  throng 
2-incfa  pipes  and  soft  seated  globe   valves  of  the  sine  I 
size,  to  the  individual  stands  of  atmospheric  condemn  I 
Leaving  the  condenser  through  the  three  liquid  drip 
the  liquid  ammonia  from  each  stand  pa 
a  half-inch  soft  metal  seated  valve  into  the  liquid  header. | 

Before   passing  to  the  liquid  tank,   the  outlel 
the  liquid  header  rises  a  few  inches  to  form  a  gooseneci.  | 
which  maintains  a  liquid  seal  on  the  condenser  and  pre  [ 
vents  gas  from  the  pressure  tank  from  passing  into  th« 
liquid  liii,.-.  which  leads  to  the  expanse  .  artb(| 

part  where  it  connects  with  the  liquid 
line  from  the  condense)   is  provided  with  a  ; 
which  any  scale  or  foreign  matter  is  precipitated. 
I  he  liquid  ammonia  leaves  the  liquid  tank 
bottom    through    the   main    liquid   line,    a    brand] 
which  after  passing  through  a  strainer  is  connected  tnto 
the  main  suction  line  just  above  the  compress, 
and  supplies  liquid  for  regulating  compressor  temper* 
tures  while  starting  up,  pumping  out,  etc. 

Jusl  outside  the  main  liquid  valve  a  small 
lion  is  made  into  the  main  liquid  line  to  which  an 
drums  may  be  connected  for  charging  the  system,    F*" 
yontl   this  connection   the  mam   line  passes   to  the  c^ 
storage   rooms  and  branches  out   to  the   individual  W 
pansion  valves  on  the  various  expansion  coils. 

The  ammonia  gas  returning  from  each  coil  p»s*e> 
through  a   2-inch   soft    metal   seated  glohe  valve,  whk* 
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hi  i  with  the  expansion  valve  allows  the  indu  !     | 
to  be  pumped  oat,  shut  off  and  disconnected. 

The  main  suction  line  i>  provided  with  a 

■  r  which  prevents  an)    scales  or  othei    fo  reig 
stances    from    entering   and    damaging    the    i 
and  rah  ea. 

New  oil  is  introduced  into  the  compressor  lubn- 
cating  system  by  means  of  a  small  pump  shown  on  the 
side  of  the  main  frame  casting  of  the  compressor.  The 
ml  from  this  pump  is  forced  through  a  three-way  cock 
through  tin-  piston  rod  stuffing  box  lantern  and  into  the 
oil  pot  situated  jusl  abovi  the  stuffing  box.  The  sccoeJ 
line  leading  from  the  three-way  cock  connect-,  with  the 
pressure  tank,  ami  through  this  line  the  oil  carried 
with  the  ammonia  gas  may  be  blown  back  through  a 
strainer  into  the  lubricating  system. 

By  the  system  of  by-passes  between  the  ma 
tion  and  discharge  pipes,  the  compressi  I  can  be  re 
so  as  to  pump  the  ammonia  out  of  any  part  or  the  whole 
of  the  high  pressure  side  and  discharge  it  into  the  k>* 
pressure  side. 

Through  the  cross  connection  bctv.i  en  tin 
tion  and  equalizer  lines,  anj  one  stand  of  the 
can  be  pumped  out  singly. 

Both  the  liquid  ami  pressure  tank  are  provided  widi 
gauge  glas?        .. .   that    the  heigh)    of    the   oil 
ammonia  can  be  accurately  determined  at  any  time. 

The  i-ondeiiM-i-.  an-  provided  with  a  purging  Jtw 
equalizing  header  running  thi  entire  length  of  the  bat- 
tery of  condensers  connected  with  each  stand  through 
a  half-inch  soft  metal  seated  valve.  The  impure  gase? 
collecting  in  the  top  of  the  ci  ndi  nay  be  purpd 

from  the  header  through  the  blow-off  valve. 

Any  ammonia  ga*  entering  the  oil  pol  from  the  stsf 


STATIONARY   ENGINEERING 


887 


ng  box  lanterns  or  from  the  oil  blown  back  from  the 
ack  pressure  tank  passes  up  through  the  equalizer  to 
6  pot  and  enters  the  main  suction  from  the  top.  A 
Datamation  of  this  line  furnishes  the  low  pressure  gauge 
onnection,  while  the  high  pressure  gauge  is  connected 
d  the  pressure  tank. 


quail  Li  ucs  ui  iiciij  «»» 

arate  and  distinct  br; 

The  small  vcrtic; 
called,  with  attached 
ble  the  immense  st< 
erected  in  our  cities, 
machinery  has  enabL 
subways  which  are  t 
ways  in  the  larger  ci 

The  steam  shovi 
them  rests  the  futun 

Almost  all  our  c 
in  fact,  the  hoisting 
in  modern  developm< 

Extent  of  Worl 
work  done  by  this  < 
ingly  low  cost  of  sa 
instances : 

In  excavating  t 
shovel  handled  600  c 
a  day  of  ten  hours,  ^ 
about  700  cubic  yan 

The  contract  pr 
varied  from  20  to  SO 
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operate  these  steam  shovels,  and  similar  port- 
1  hoisting  machines,  three  engines  are  generally 
le  main  engine  which  operates  the  hoisting  and 
lg  machinery,  a  smaller  engine  used  for  swing- 
boom  and  dipper,  and  a  third  engine  for  thrust- 
lipper  handle. 

size   of   a   steam   shovel   is   usually   denoted   by 
city  of  the  dipper  in  cubic  yards  and  the  weight 
vhole  machine  in  tons. 
:  following  are  some  of  the  standard  sizes: 

one ,...35  45  55  65  75  90 

u.  yds IVi        1%        1%        2  2\L  3 

)  hrs..  tons..         %         1  1%        1*        2  2% 

10  hrs.,  gals.  1,500  2,000  2,500  3,000  4,000  4,500 
price  of  shovels  Is  approximately  $130  per  ton. 

:  Hoisting  Engineer. — It  is  therefore  seen  that 
ting  engineer  must  operate  and  have  under  his 
:  supervision  the  following  throttles  and  levers: 
nging  throttle,  one  hoisting  throttle,  one  reverse 
id  one  friction  lever. 

must  not  only  be  a  skilled  engineer,  quick  and 
jt  also  a  most  careful  and  reliable  man,  for  the 
many  workmen  would  be  endangered  by  any 
ncss  on  his  part. 


slid 
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SIGNALS  ADOPTED  BY  HOISTING  AND  POR 
ABLE  ENGINEERS. 

Boom  derrick  with  one  bell  or  whistle. 

One  blow  or  ring.  stop. 

Two  blows  or  rings,  hoist  the  load. 

Three  blows  or  rings,  lower  the  load. 

Four  blows  or  rings,  hoist  the  boom. 

Five  blows  or  rings,  lower  the  boom. 

With  two  bells,  one  on  load  and  one  on  boom. 


Bell  on  Load. 

One  ring,  stop. 
Two  rings,  hoist. 
Three  rings,  lower. 

Bell  on  Boom. 

One  ring,  stop  boom. 
Two  rings,  raise  boom. 
Three  rings,  lower  boom. 

Brick  Hoist. 

One  ring,  stop. 

Two  rings,  hoist. 

Three  rings,  load  to  lower. 

Four  rings,  man  coming  down. 


BOOM-DERRICK  SIGNALS. 

(i)  To  Raise  the   Load.— Arm   In-nt   at  ell 
hand  twisted  or  shaken  from  wrist.     S]  ends 

the  speed  with  which  the  hand  is  moved. 
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(a)  To  Raise  the  Boom. — Arm  bent  at  ellxiw,  band 
dosed   and   thumb   extending  upward,   tin    bund    being 
.-moved  up  and  down.     The  speed  depends  ii|» 
i]  which  the  hand  n  moved. 

(3)  To  Stop. — The  extended  arm  moved  horizon- 
tally from  the  shoulder,  with  the  open  hand. 

(4)  To  Lower  the  Boom. — Arm  extended  with  hand 
about  level  with  waist,  and  a  downward  motion  made 
with  the  hand  closed,  with  thumb  extending  downward. 

(5)  To  Lower  the  Load. — Arm  extended  with  hand 
about  level  with  waist,  and  a  downward  motion  made 
with  open  hand  from  wrist. 

(6)  To  Raise  Boom  and  Load. — The  same  signals 
are  given  M  in  (1)  and  (2) ;  one  signal  being  given  with 

pdi  hand 

(7)  To  Raise  the  Boom  and  Lower  the  Load. — The 

signals  are  given  with  each  hand,  as  in  (2)  and  ($). 

(8)  To  Stop. — Signal  to  stop  is  given  by  a  horizon- 
tal movement  of  the  arm. 

When  this  movement  is  made  with  the  arm  with 
Which  lignala  are  given  for  operating  boom,  it  means  to 
stop  the  boom.  The  same  movement  with  the  arm  with 
jlhJcJl  Bigll&Is  are  giv<  n  for  operating  the  load,  mean  stop 
or  hold  the  load. 


RUNNER   SIGNALS   FOR   LINE   FROM   NIGGER- 
HEAD. 

(1)  To  Take  in  Line  or  Go  Ahead.— Arm  extended 
with  hand  about  level  with  hips;  the  open  hand  being 
shaken  or  twisted  from  the  wrist. 


POTTE 

The  signal-man  sta 
engineer  when  he  is  rea 
and  he  gives  the  signal 
below  the  level  of  his  si 
hoisted,  he  raises  his  am 
and  when  the  bucket  is 
his  arm  still  higher  and 
wrist  he  signals  to  go  s 
ing  to  hoist  the  bucket 
in  the  carriage.  The  si 
ger  that  holds  the  bucke 

The  signal-man  fac 
going  to  travel,  and  sigr 
arm  horizontally ;  whei 
slow,  he  holds  his  arm  o 
tinue  to  go  slow,  is  sign 
ment  of  the  arm.  A  sig 
his  arm  to  his  side. 

The  signal-man  the 
Facine'  the  eneineer 
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lown  faster,  he  raises  his  arm  higher ;  when  he  wishes  to 
ower  slowly,  he  drops  his  arm  a  little ;  when  he  wishes 
:o  drop  the  bucket,  he  signals  to  do  so  by  extending  his 
irm  from  the  shoulder  with  his  hand  raised,  and  by  mov- 
ing his  hand  up  and  down,  the  engineer  lets  it  drop  rap- 
idly, so  there  will  be  enough  slack  to  change  the  hook 
from  one  bucket  to*  another. 

TYPE  OF  STEAM  SHOVEL. 

Steam  Shovel. — In  Fig.  295  is  shown  the  ordinary 
type  of  a  steam  shovel  at  work. 

SPECIFICATIONS  FOR  A  55-TON  STEAM 
SHOVEL. 

Boiler,  fire  box  type,  54"xi2'  3". 

Hoisting  engine,  double,  io"xi2". 

Craning  engine,  double,  6"x6". 

Radius,  26'  o". 

Clear  lift,  13'  o". 

Boom  guys,  2j4"  diameter. 

Boom,  24'  nj4". 

Back  leg,  2"x4". 

Hoisting  chain,  il/i". 

Dipper  capacity,  2  cubic  yards. 

Dipper  handle,  16'  6". 

Length  of  machine,  35'  5*4". 

Height  from  track,  13'  2j4". 

Height  to  top  of  trucks,  3'  J%". 

Distance  between  center  of  trucks,  24'  ij4". 

Capacity  of  water  tank.  1,000  gallons. 

Diameter  of  drum,  18". 


TENSILE   STRENGTH   OF    DIFFERENT    KINDS  Of 
WIRE  ROPE,  COMPARED  WITH  MANILA  ROPE 

APPROXIMATE  BREAKING  8TRE38  CALCULATED  IN  TONS  Of 
2,000  POUNDS 


! 

a 


Wire  Transmission  Rope. 

One  ucmp  core  surrounded  by  six 

struids  sevou  wires  etch. 


Iron. 


34 

68 

29 

A8 

24 

IS 

20 

40 

10 

32 

12 

24 

».3 

18.6 

6.8 

13.2 

5.3 

10.6 

4.2 

8.4 

3.3 

6.6 

2.4 

4.8 

1.7 

3.4 

1.4 

2.8 

wire  Huuunsj  Kos*. 

Oat  bemp  oorv  ■arToaodrd  17 1 

«it«inls  <>r  nineteen  win*  atei 


Tne  American  Steel  and  Wire  Co. 
Table  No.  27-U). 


A   Lanitxrt    Hoiatlnic   KngJne. 
Fig.  293. 


J 


A   !)oiih].>   Cylinder  Frtctlou  Drum    Holsllng  Engine 
Fig.  2*4. 
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Hoisting  Engine. — in.  Fig.  393  ia  shown  a  Lambert 

ig  engine,  especially  adapteil  fof  building  > ■■•■■  1 1  ■  •  1 1 . 

pd  extensively  used  by  bridge  builders  and  structural 

iai  v.  The  engine  in   this  cat  has  two  inde- 

■eBdent  friction   drums   fitted   with   ratchets  and   pawls 

■  ::n!i  are  used  roi  ordinary  hoisting  in  the  usual  manner. 

It  list)  has   four  winch   heads,  two  fixed  on  the  drum 

;md  two  independent  winch  heads,  which  arc  loose 

On  the  outward  shaft,  operated    by  an  improved  spiral 

fai  clutt  hi  which  1-  thrown  in  and  out  of  gear  by  means 

ight  lever,  as  shown  in  the  cut.     These  levers  are 

provided  with  thumb  latches  am!  work  on  notch  quad- 

to  prevent  the  clutch  from  accidentally  becoming 

winches  are   pi  vith   ratchets 

md  pawls  for  holding  the  load  suspended  while  the  other 

ums  are  being  •  ■ 

•  nachine  i  ned  for  heavy  duty.     The 

leel  of  large  diami  ter,     The  winches  arc 
irgc  and  the  proper  shape  to  do  the  work  in  a 

1 .     Foot  1. rakes  can  be  attached  to  both 
red. 


AB 


LE  OF  SIZES  AND  DIMENSIONS  OF  HOIST- 
ING  ENGINES. 


Hon* 

OlMVMIOHi  or 
CVLIKDM*. 

DlMaxxlOKtoe 
DaOMi- 

Weight 

Hoi. tad. 
Single 
l.lne. 

DniairiMMOf 

BOILMH 

Pow#r 

••sally 

Ultm. 
Inch«». 

Stroke. 

teche. 

Dl«m 
Inch**. 

Length 

K«twe«o 

Plangci. 
Inohe* 

Ulem         Htilftl 
shell.           Shell 
Inchei       ii 

14 

ia 

a 

■ 

in 

ii 

10H 

10 
14 

14 
14 
14 

In 

12 

21 

a 
34 

IVM 
4S00 
7000 

141  MO 

S4                  84 

.«              -1 

40                  >"i 
5?              108 

Double   Cylinder   Double   Friction   Drum    Hoisting 
ngine. — In  Fig.  294  is  shown  a  type  of  this  engine  espe- 
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adapted  fi  I   bridge  building,  structural  iron  work 
id    erection    of   all   classes.     This    I  ngtlK     has    four   im- 

■oved  independent  clutch  winches. 


TABLE  OF  SIZES  OF  HOISTING  MACHINES. 


tecM 
owrr 

DivcmioH*  or 

1  •  l*D»»» 

DiM>Miim«r 

"",!»*-                     Weight  Ho  il«J. 

■Bkiir 

mtm4 

Dtam 

I.!:    ',-• 

Strok«. 

laekai 

niiin 
laoH. 

i.mijth              I'nual  SpceO. 
Hciweco 
Fl»nee». 

20 

m 

40 
60 

■M 

10 
10 
12 
14 

u 

u 

l« 

16 

18                             '1X0 

24 

29                                10000 

n                   isooo 

ROPER     SPECIFICATIONS      FOR     THE     CON- 
STRUCTION   OF   PARTS   OF   HOISTING    EN- 
GINE MACHINES. 

Friction  Drums. — Long  experience  has  proven  that 
tlrum  is  equal  in  durability,  simplicity 
\C  action  to  oni    where  contact  is  maintained 
sure  of  a  screw  and  prompt  and  sensitive  re- 
main!.limd   by    a    releasing  spring  between    the 
(I  ami  the  friction  head.     The  capacity  of  such 
drum  lias  been  completely  established  by  thousands  of 
use    fur   the  past    twenty  years.     All   at- 
to  secure  .success  and  leave  out  the  recoil  spring 
tve  been   failures,  and   the  attempts  to  overcome  this 
JBcicncy  by  a  double  bevel  or  V  contact,  finally  resulted 
the  return  t<>  the  recoil  spring.     It  is  all  a  question  of 
rrect  angle  of  the  conical  contact  surface  and  the  diam- 
BT  of  the  friction  head.     A  single  faced  conical  bearing 
II  hold  and  release  belter  than  a  double  V  shaped  face 
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'.vlun  ilu-  angle  between  the  I  I  face  and  St 
is  the  same  as  that  between  the  two  bevel  faces  of  tie 
doubk  V,  anil  tO  make  the  double  V  release  with  <qtal 
sensitiveness,  it  has  to  be  blunted  while  the  unequal  ex- 
pansion caused  by  the  heat  generated  by  friction  will  ad 
to  enlarge  the  diameter  of  the  metal  surface,  while  the 
wooden  contact  surface  remains  the  same,  so  that  the 
double  V  surface,  ultimately,  in  action,  becomes  a  singk 
earing  surface,  while  the  single  bevel  surface  auto- 
ktically  accommodates  itself  to  changes  of  tempei 
The  operation  of  the  pressure  screw  on  the  dram  «* 
such  that  no  end  thrust  is  imparted  to  the  drum  shift 
nor  i"  the  back  stand  to  spread  the  two  stands. 

Gearing. — Cast  iron  spur  gears  arc  used  on  account 
of  their  more  lasting  chilled  surfaces,  made  from  accur- 
ately  cut    patterns,    while    all    the   pinions   are    1 
shrouded  and  made  of  a  high  grade  of  cast  steel. 

Winch  Heads. — The  which  heads  are  of  extra 
diameter  and  length,  the  same  size  and  shape  al  each 
end,  with  a  parallel  surface  in  the  middle.  This  design 
will  be  readily  appreciated  by  those  who  have  • 
wet  line  on  the  common  type  of  winch  head,  particularly 
when  slacking  off.  The  bearings  on  this  side  of  the  en- 
gine arc  double  the  length  and  the  winch  head  comes 
close  against  the  bearing,  thus  avoiding  springing  tbf 
shafts,  as  is  frequently  the  case  with  the  older  del 
engines. 

Foot  Brakes. — All  engines  arc  made  so  that  foot 
brakes  can  be  put  on  at  any  time  if  they  arc  found  neces- 
sary, but  are  only  sent  with  engines  when  especially  (tf- 
dered.  They  are  only  recommended  for  long,  heavy 
hoists,  or  when  desired  to  use  the  engim-  for  other  pur- 
poses while  the  weight  hangs  suspended.     The  regula' 
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:tion  drum  is  all  that  is  required  for  ordinary  hoisting 
I  lowering  purposes. 

Fly  Wheels. — Fly  wheels  used  on  single  cylinder  en- 
es  are  of  cast  iron  with  face  turned  crowning  and 
pie  width  of  belt  face  to  transmit  full  power  of  engine 
en  used  for  pumping,  sawing  or  other  purposes. 

Guard  Bands.— -Guard  bands  are  used  to  cover  the 
ring  so  as  to  protect  the  rope  or  prevent  any  other 
ident  from  obstructions  getting  into  the  teeth. 

Cylinder  Drain  Cocks. — Cylinder  drain  cocks  are 
'Vided  for  every  cylinder  and  at  both  ends.  They  are 
connected  to  a  single  lever  convenient  for  the  engi- 
r,  and  are  available  in  lowering  heavy  loads  against 
:k  steam  pressure. 


Pitch.    Dimensions,    Weigh 
Steam   Shovel.    Dredi 

Tnlile 


CHAPTER  XXXI. 

LAWS  AND  REGULATIONS  PROVIDING  FOR 
THE  INSPECTION  OF  BOILERS  AND  THE 
LICENSING  OF  ENGINEERS  AND  FIREMEN. 

The  following  laws  and  regulations  have  been  se- 
eled not   only  on   account  of  the  general  information 
■tuned  in  them,  but  also  as  containing  much  valuable 
wledge  of  especial  interest  to  the  student  of  steam 
aginccring. 

Graded  License. — While  a  graded  license  for  engi- 
crs  has  been  adopted  by  many  of  the  States,  owing  to 
he  difficulty  in  enforcing  its  requirements,  it  has  not  met 
mh  universal  success.  The  St.  Louis  license  law  which 
ovides  for  only  one  grade  of  engineer's  license  is  given 
ta  model  law,  it  being  entirely  practical  and  it-,  require- 
ments strictly  enforced 

Licensing  Firemen. — The  licensing  of  firemen,  but 
{'lacing  them  under  the  engineer  who  is  in  charge  of  the 
plant,  is  meeting  with  much  favor,  and  the  ordinance  of 
New  York  City  providing  for  the  licensing  of  firemen  il 
Iherefore  given  in  full. 

UNITED   STATES   GOVERNMENT    REGULA- 
TIONS. 

Por  the  Inspection  of  Boilers  and  the  Licensing  of 
Engineers. 
Inspection  of  Boilers. — Sec.  4418.  The  local  inspec- 
.  shall  also  inspect  the  boilers  of  all  steam  vessels  be- 
bre  the  same  shall  be  used,  and  once  at  least  in  every 
year  thereafter.  They  shall  subject  all  boilers  to  the 
hydrostatic  pressure;  and  shall  satisfy  themselves  by 
thorough  examination  that  the  boilers  arc  well  made. 
of  good  and  suitable  material ;  that  the  openings  for  the 
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passage-  of  water  and  steam,  respectively,  and  all  pipe* 
and  tubes  exposed  to  heat,  arc  of  proper  dimensions  and 
free    from   obstruction ;    that   the    spaces    between   a»i 
around  the  flues  arc  sufficient ;  that  the  flues  are  circu- 
lar in  form;  that  the  1 1 r <•  line  of  the  furnace  is  at  least 
two  inches  In-low    the  prescribed  minimum  water  line  ■•: 
the  boilers:  that  the  arrangement  for  delivering  the  feed 
water  is  such  that  the  boilers  can  not  be  injured  thereby; 
and  that    Mich   boileiS  and   machinery,   and    the  ftp 
nances,  may  be  safely  employed  in  the  service  proposed 
in  the  written  application,  without  peril  to  life.    They 
shall  also  satisfy  themselves  that  the  safety  valves  are 
of  suitable  dimensions,  sufficient    in   number,   and  well 
arranged ;  and  that  the  weights  of  the  safety  vah 
properly  adjusted,  so  as  to  allow  no  greater  pressure  in 
the  boilers  than  the  amount  prescribed  by  the  inspeetioB 
certificate;  that  there  is  a  sufficient  number  of  gauge 
cocks  properly   inserted,  and  suitable  steam  gauges  to 
indicate  the  pressure  of  steam;  and  that  there  are  re- 
liable low-water  gauges;  and  that  the  fusible  met 
properly  inserted  so  as  to  fuse  by  the  heat  of  the  iur 
nace,  whenever  the  water  in  the  boilers  falls  be! 
prescribed   limits:  and  that  adequate   and    certain  pro- 
vision is  made  for  an  ample  supply  of  water  to  feed  the 
boilers  at  all  times,  whether  such  vessel  is  in  motion  or 
not,  so  that  in  high-pressure  boilers  the  water  shall  not 
be  less  than  four  inches  above  the  top  of  the  flues ;  and 
that  means  for  blowing  out  arc  provided,  so  as  to  thor- 
oughly remove  the  mud  and  sediment  from  all  parts  of 
the  boilers,  when  they  are  under  pressure  of  steam.    All 
boilers  used  on  steam  vessels  and  constructed  of  iron 
or  steel  plates,  inspected  under  the  provisions  of  s< 
forty-four  hundred  and  thirty,  shall  be  subjected  to  a 
hydrostatic  test,   in  the  ratio  of  one  hundred  and  fifty 
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to  the  square  inch  to  one  hundred  pounds  to  the 
inch  of  the  working  steam  power  allowed.  No 
>r  pipe,  nor  any  of  the  connections  therewith, 
:  approved,  which  is  made,  in  whole  or  in  part, 
material,  or  is  unsafe  in  its  form,  or  dangerous 
:fective  workmanship,  age,  use,  or  other  cause, 
itrol  of  Safety  Valves. — Sec.  4419.  One  of  the 
waives  may,  if  in  the  opinion  of  the  local  inspec- 
is  necessary  to  do  so,  be  taken  wholly  from  the 
of  all  persons  engaged  in  navigating  such  vessel 
ured  by  the  inspectors. 

raping  of  Boiler  Plates. — Sec.  4431.  Every  plate 
r-iron  or  steel,  made  for  use  in  the  construction 
nboat  boilers,  shall  be  distinctly  and  permanently 
1  by  the  manufacturer  thereof,  and,  if  practicable, 

places  that  the  marks  shall  be  left  visible  when 
ites  are  worked  into  boilers,  with  the  name  of  the 
rturer,   the   place   where   manufactured,  and   the 

of  pounds  tensile  strain  it  will  bear  to  the  sec- 
quare  inch ;  and  the  inspectors  shall  keep  a  record 

office  of  the  stamps  upon  all  boiler  plates  and 
which  they  inspect. 

ssure    of    Steam    Allowable. — Sec.    4433-      The 
;  steam-pressure  allowable  on  boilers  constructed 
s  inspected  as  required  by  this  title,  when  single- 
shall  not  produce  a  strain  to  exceed  one-sixth 
msile  strength  of  the  iron  or  steel  plates  of  which 
ilers  are  constructed ;  but  where  the  longitudinal 
the  cylindrical  parts  of  such  boilers  arc  double- 
and  the  rivet  holes  for  such  boilers  have  been 
rilled  instead  of  punched,  an  addition  of  twenty 
um  to  the  working  pressure  provided  for  single- 
may  be  allowed :     Provided,  that  all  other  parts 
boilers  shall  correspond  in  strength  to  the  addi- 
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tional  allowatm-   ><>  made;  and  no  split-calking  shall  i 
any  case  be  permitted. 

Rule  for  Determining  Steam  Pressure  Allowed  cm 
Boilers. — Multiply  one-sixth  (1-6)  of  the  lowest  tensile 
strength  found  stamped  on  any  plate  in  the  cylindrical 
shell  by  the  thickness — expressed  in  inches  or  parts  « 
an  inch — of  the  thinnest  plate  in  the  same  cylindri 
shell,  and  divide  by  the  radius  or  half  diameter 
expressed  in  inches — and  the  sum  will  be  the  press 
allowable  pet  square  inch  of  surface  for  single  ri 
to  which  add  20  per  cent  for  double  riveting,  when 
the  rivet  holes  in  the  shell  of  such  boiler  have  been 
"fairly  drilled'*  and  no  part  oi  such  hole  has  been 
punched. 

Pressure  Allowed  on  Bumped  Heads.— Multiply  the 
thickness  of  the  plate  by  One  sixth  of  the  tensile  strength, 
and  divide  by  one-half  of  the  radius  to  which  b 
bumped,  which  will  give  the  pressure  per  square  in 
of  steam  allowed. 

Pressure  Allowed  Aften  Ten  Years*  Service.— 
boiler  having  been  in  use  i.n  years  or  more  shall,  at  thf 
first  annual  inspection  thereafter,  be  drilled  at  poin 
near  the  water  line,  and  at  bottom  of  shell  of  boiler,  or 
such  other  points  as  the  local  inspectors  may  dil 
determine  the  thickness  of  such  material  at  those  poin' 
and  the  general  condition  of  such  boiler  or  boilers  at  U« 
time  of  such  inspection :  and  the  thickness  of  said  nu- 
tcrial  shall  be  determined  thereafter  at  such  annual  i 
spection  as  the  local  inspector  may  deem  neeessar 
the  steam  pressure  allowed  shall  be  governed  b 
ascertained  thickness  and  general  condition  of  th< 

License   of    Engineer. — Sec.    4441.     Wl. 
person  applies   for  authority   to   perform   the   duties 
engineer  of  any  'Steam  vessel,   the  inspectors  shall 
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mine  the  applicant   M   to  his  knowledge  of  steam  ma- 
chinery, and  his  experience  as  an  engineer,  and  also  the 
proofs  which  he  produces  in  support  of  his  claim;  and 
if,   upon   full   consideration,   they  arc  satisfied   that   his 
character,  habits  of  life,  knowledge,  and  experience  in 
the  duties  of  an  engineer  are  all  such  as  to  authorize  the 
belief  that  he  is  a  suitable  and  safe  person  to  be  intrusted 
with  the  powers  and  duties  of  such  a  station,  they  shall 
([rant  him  a  license,  authorizing  him  to  be  employed  in 
such  duties  for  the  term  of  five  years,  in  which  they  shall 
assign   him  to  the  appropriate  class  of  engineers;   but 
Juch  license  shall  be  suspended  or  revoked  upon  satis- 
factory proof  of  negligence,  unskillfulness.  intemperance, 
or  the   willful   violation  of  any   provision   of  this  title. 
Whenever  complaint  is  made  against  any  engineer  hold- 
ing a  license  authorizing  him  to  take  charge  of  the  boil- 
ers and  machinery  of  anj     icamcr,  that  In-  haft,  through 
negligence  or  want  of  skill,  permitted  the  boilers  in  his 
charge   to  bum  or  otherwise  become  in   bad  condition, 
or  that  he  has  not  kept  hia  engine  and  machinery  in  good 
working  order,  it  shall   be   the  duty  of  the   inspectors, 
upon  satisfactory  proof  of  such  negligence  or  want  of 
dull,  tcj  revoke  the  license  of  such  engineer  and  assign 
him  to  a  lower  grade  or  class  of  engineers,  if  they  find 
him  fitted  therefor. 

MASSACHUSETTS  LAW. 

To  Provide  for  the  Licensing  of  Engineers  and  Firemen. 

Section   i.     It  shall  be  unlawful  for  any  person  to 
have  charge  of  or  to  operate  a  steam  boiler  or  engine 

in  this  Commonwealth,  except  boilers  and  engines  a] 

! "O, i notives.  motor  road  vehieles.  boilers  in  private  resi- 
dences, boilers  in  apartment  houses  of  less  than  live  Hats, 
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Iioili-rs  undei  the  jurisdiction  of  the  United  State 

ers  used  i">  agricultural  purposes  exclusively,  boiler* ol 
less  than  eight  horse  power,  and  boilers  used  for  hcatinj 
purposes  exclusively  which  are  provided  with  a  devkt 
approved  by  the  chief  of  the  district  police  limiting  tit 
pressure  carried  to  fifteen  pounds  to  the  square  inch, 
less  he  hold  a  license  as  hereinafter  provided;  and  i 
shall  be  unlawful  for  any  owner  or  user  of  anj  steas 
boiler  or  engine,  other  than  those  boilers  or  engine* 
Xbove  excepted,  to  oj  to  be  operated » 

Btefin}  boiler  or  engine  for  a  period  of  more  than  one 
week,  unless  the  persons  in  charge  and  operating  such 
boiler  or  engine  arc  duly  licensed. 

Section   3.     Any  person   desiring  to  act   as   cng 
or   fireman  shall   make  application   for  a  license  to  » 
act,  to  the  examiner  necrs  for  the  city  o: 

in  which  he  resides  or  is  employed,  upon  bl. 
furnished  by  the  examiner,     The  application  must 
his  experience  during  the  preceding  three  Of  time 

of  service.     The  applicant  shall  be  given  a  practical  ex- 
amination, and  if  found  competent  and  trust/ 
shall  receive   within   six   days   after  the  cxaminat 
license  graded  according  to  the  merits  of  his  cxamina 
tion,  irrespective  of  the  grade  of  license  for  which  I"- 
applies.      The    applicant    shall    have    the    privilege   0; 
having    one    person    present    during    his    examil 
who   shall    take   no    part   in    the   same,    but    \vh 
take    notes,    if    he    so    desires.      No    person    shi 
>nt  it  led   to  receive   more   than   one  examination  with'm 
ninety   day;,  except    in   th  of  an  appeal  as  herein 

after  provided.  A  lici  nsc  shall  continue  in  force  bl 
three  years,  or  until  the  same  is  revoked  for  inco^lf*• 
tency  or  untrustworthincss ;  and  a  license  shall  rewW 
revoked  until  a  new  license  is  granted.     A  license,  rm 
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»  SO  revoked,  shall  at  the  end  of  said  three  years  be 
lewed  by  an  examiner  of  engineers  ni1""  application 
J  without  examination,  if  the  application  for  renewal 
made  within  six  months  of  expiration  of  license.  In 
|e  a  new  license  of  different  grade  is  issued,  the  old 
ens*-  must  be  destroyed  in  tin  presence  of  the  exam 
:r.    In  case  of  the  loss  of  a  license  bj   fire  or  other 

;i  new  li<    "  IC  shall  be  issued  in  its  place,  without 
examinati  in  satisfactory  proof  of  such  loss  to 

examiner. 

Section   i      Licenses  shall  be  granted  according  to 
:  competency  of  the  applicant  and  shall  be  distributed 

the  following  classes:  Engineer's  licenses. — firsi 
MS,  unlimited  in  horse  power.  Second  class,  to  have 
»rgc  of  and  operate  any  boiler  or  boilers  and  any  en- 
ic  not  exceeding  one  hundred  ami  fifty  horse  power. 
lird  class,  to  have  charge  of  and  operate  any  single 
iler  and  any  engine  not  exceeding  rifty  horse  power. 
remen's  licenses, — first  to  operate  any  boiler  or  l»>il 
5.  Second,  to  have  charge  of  and  operate  low  pn  - 
ating  boilers  where  the  pressure  carried  is  less  than 
enty-fivc  pounds  to  the  square  inch.  Any  person  de- 
ing  to  have  charge  of  or  to  operate  anv  particular 
tarn  plant  or  type  of  plant,  may  be  examined  as  t<>  b 
mpcteney  for  such  service  and  no  other,  and  if  found 
mpctcnt  and  trustworthy,  shall  be  granted  a  license 
r  such  service  and  no  other;  but  no  person  shall  be 
amincd  for  a  special  license  for  a  particular  plant  un- 
IS  a  written  request  for  such  examination,  signed  by 
e  owner  or  user  of  said  plant,  is  filed  with  the  appli- 
tion. 

ii.  hi  5.     The  words  "have  charge"  in  this  acl  shall 
construed  to  designate  the  person  under  whose  super- 
oiler  or  engine  is  operated.     The  "person  opcr- 
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ascertame<^jpontrieT>a^F 
square  foot  of  grate  surfa< 
the  basis  of  one  and  ono-lia 
Fool  of  grate  surface  if  tl 
purposes  exclusiv,  I \  Tin 
oned  upon  a  basis  of  a  mt 
pounds  pet  square  inch  ol 
fifty  pounds  for  a  condi 
|K>unds  for  a  compound  ci 
hifjh  pressure  piston. 

Section  9.     Any  pcrso 
of  any  examiner  in  rtXot  K| 
appeal   from    his   decision 
decision,  to  tlu   n  maining 
act  as  a  board  of  appeal, 
have  the  power  to  hear  t 

subjects  of  appeal.    The 

privilege  of  having  one  fill 
ing  the  hearing  of  his  app 
the  same.     The  decision  0 
ing  examiners  so  acting 
the  chief  of  the  district   | 
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of  and  operate  a  boiler  or  boilers,  and  i<>  h 

of  and  operate  engines,  no  one  of  which  shatl  cx- 

J50  horse  power,  or   to   opiratc  a    lir.st-ela?>N   plant 

der  the  engineer  in  direct  charge  of  the  plant.     Third 

is,  to  have  charge  of  and  operate  a  boiler  or  boilers 

in  the  aggregate  150  horse  power,  and  an 

we  nol    exceeding  50  horse  power,  or   to  operate  a 

jml-class  plant  under  the  engineer  in  direct  charge  of 

plant.     Fourth  class,  to  have  charge  of  and  operate 

ing  and  portable  engines  and  boilers. 

iremen's     Licenses. — Extra     first    class,    to    have 

of  and  operate  any  boiler  or  boilers.     First  class. 

te  any  boiler  or  boilers.     Second  class,  to  have 

of  and  operate  any  boiler  or  boilers  where  the 

sure  doe-,  not  exceed  25  pounds  to  the  square  inch. 

crate  high  pressure  boilers  under  the  engineer  or 

an  in  direel   charge  thereof.     A   person  holding  an 

first  or  first-class  fireman's  license  may  operate  a 

-class  plant  under  the  engineer  in  direct  charge  of 

lant.     A  person  holding  an  engineer's  or  fireman's 

who  desires  to  have  charge  of  or  to  operate  a  par- 

r  steam  plant  or  type  of  plant  may.  providing  he 

an  engineer's  or  fireman's  license,  if  he  files   with 

plication  a  written  request  signed  by  the  owner  or 

f  said  plant  for  such  examination,  be  examined  as 

petence  for  such  service  and  no  other,  and  if 

competent   and   trustworthy   shall   be   granted   a 

e  for  such  service  and  no  other.     No  special  license 

be  granted  to  give  any  person  charge  of  a  plant  over 

horse  power. 

PENNSYLVANIA  LAW. 

To  Provide  for  the  Licensing  of  Engineers. 

-   1       !;<•  it  enacted,  &c.  That  it  shall  be  tin- 
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pounds  pressure  per  squai 
persons  arc  upwards  of  1 
holds  a  license,  as  hi 
be  unlawful  for  anv  0WSC1 
any  strain  bolItC  OX  steam 
other  than  those  excepted 
be  operated  a  steam  boile 
duly  licensed  engineer. 

Section   2.     All  pcrsoi 
form  the  duties  of  an  cngi 
inspector  of  such  citi< 
as  to  his  knowledge  of  ste 
encc  in  operating  the  saim 
in  support  of  his  claim,  a 
the  inspector  is  satisfied 
habits  of  life,  knowledge, 
of  an  engineer,  are  all  si 
that  he  is  a  suitable  and  sa| 
the  powers  and  duties  of 
him  I  license  upon  the  l 
authorizing  him  to  be  emj 
term  of  one  year,  and  sue 
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able  steam  boilers  and  steam  engines  only;  such 
ises  shall  not  be  transferred  irom  one  grade  to  the 
r  without  a  re-examination,  said  re-examination  to 
ondncted  without  cost  to  the  licensee. 

No  person  shall  be  eligible  for  examination  for  a 
ise  unless  he  furnishes  proof  that  he  has  been  em- 
ed  about  a  steam  boiler  or  steam  engine  for  a  period 
ot  less  than  two  years  prior  to  the  date  of  applka- 
,  which  must  be  certified  to  by  at  least  one  employer 
two  licensed  engineers. 

rction  6.  All  engineers  licensed  under  the  provisions 
his  law  shall  assist  the  inspector  in  his  examination 
ny  boiler  under  his  charge,  and  shall  point  out  all 
cts  and  imperfections  known  to  them  in  the  l>oilers 
lachinery,  and,  in  default  thereof,  the  license  of  any 
i  engineer  or  engineers,  so  neglecting  or  refraining. 
1  be  revoked  by  the  inspector. 

Section  8.  It  shall  be  the  duty  of  an  engineer  when 
ssumes  charge  of  boilers  and  machinery,  to  fortli- 
thoroughly  examine  the  same,  and  if  he  finds  .mv 
thereof  in  bad  condition,  caused  by  neglect  or  in- 
ltion  on  the  part  of  his  predecessor,  he  shall  imnic- 
:ly  report  the  facts  to  the  inspector,  who  shall  thcrc- 
i  investigate  the  matter,  and  if  the  former  engineer 
been  culpably  derelict  of  duty,  he  shall  suspend  or 
ke  his  license. 

Section  Q.  It  shall  be  the  duty  of  every  licensed 
neer  when  he  vacates  a  position  as  engineer  to  notify 
boiler  inspector  of  such  fact,  and  any  failure  to  com- 
with  this  provision  shall  be  punishable  by  a  suspen- 
of  the  license  for  such  period  or  periods  as  the 
:r  inspector  may  determine. 


Section  p.  Duties  o 
duty  of  the  Board  to  insp< 
ties,  generators  iv  OttM  I 
"t  transmitting  steam  for 
pressure  for  heating  or  st 
tanks,  jacket  kettles  and 
whatsoever  kind,  except  a 
as  once  in  each  and  every 
pressure  test  where  such  t 
provided,  that  the  hydros) 
shall  not  exceed  the  maxi 
apparatus  by  more  than  fj 
careful  external  and  intc 
where  hydrostatic  pressu 
animation   of   said    appar; 

In  certifying   the  worki 

steam    boiler,    steam    gen 

same  shall  be  determines 

lowest  tensile  strength 

shell  of  said  steam  boiU 
apparatus  by  the  lowest 
drical  shell   expressed    i 

«t_  - J «-    1 .1--    . !_•_!_ 
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ic  should  lu-  drilled  in  order  that  the  exact  thick- 
■  i  condition  maj  be  ascertained!  he  shall  report 
ie  to  the  Chief  Inspector  of  Steam  Boilers,  who 
rvc  the  owner  or  agent  with  a  written  notice  to 
mse  to  the  Chief  Inspector  within  five  days  why 
iler,  tank,  jacket  kettle,  generator  or  reservoir 
lot  be  drilled. 

after  the  owner  or  agent   has  been  heard,  OT  at 
of  five  days,  the  Chief  Inspector  deema  it  necea- 

at  the  boiler,  tank,  jacket  kettle,  generator  or 
r  be  drilled,  then  the  boiler,  tank,  jacket  kettle, 
yr  or  reservoir  may  be  drilled  at  points  near  the 
ne,  and  at  the  bottom  of  shell  of  boiler,  or  such 
>ints  in  the  boiler,  tank,  jacket  kettle,  generator 
voir  as  the  inspecting  officer  may  direct,  and  the 
s  of  said  material  shall  be  determined  thereafter 
annual  inspection  as  the  inspecting  officer  may 
cessary,  and  the  steam  pressure  or  other  pres- 
I  shall  be  governed  by  stub  ascertained 
S  and  general  condition  of  boiler,  tank,  jacket 
enerator  or  reservoir.  And  the  drilling  and  plug- 
said  holes  shall  be  done  at   the  expense  of  the 

boiler  may  be  tested  and  rated  in  accordance 

United  States  Marine  Inspection  I.aw  govern  - 

npectton  of  steam  boilers.     Rut  no  boiler,  tank, 

jacket  constructed  or  re-constructed  of 

■tes  hereafter,  where  the  same  are  required,  shall 

y  bolts  of  less  than  seven-eighths  of  an  inch  in 

and  pitched  more  than  seven  inches  apart.  And 

onary    boilers,   tanks,   jacket    kettles   or  jackets 

a  pressure  of  one  hundred  pounds  or  over  to 

re  inch,  the  construction  of  which  requires  stay 

be   equipped    with    hollow   stay   bolts.     All 


I 


he  ansa  in  nj ll|1L  |J1U 

the  strain  on  braces  in  tlal 
rivets  shall  be  considered 
shells  having  dished  heac 
according  to  the  radius  o: 
Section  12.  Duty  of 
for  any  person  to  use  an 
tanks  subject  to  pressure 
he  shall  have  first  procure 
that  said  apparatus  may 
boiler  or  boilers,  boiler  set 
smoke  connections,  and 
size  and  capacity  that  the 
be  capable  of  being  so  m 
crating  steam  that  no  dci 
the  chimney  connected  w 

If  such  owner,  agt 
boiler  or  tank  shall  fail  t< 
tion  to  make  any  altera 
such  steam  plant,  and  sh 
cations  for  the  cnlargerr 
and  shall  proceed  to  mal 
larecmcnt  without  a  uci 
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by  or  under  the  engineer  in  charge  of  said  appar- 
vithout  permit  or  report  thereof. 

at  any  time  when  inspecting  a  steam  boiler,  gen- 

or  other  apparatus  used  for  generating  steam  for 

or  heating  puposcs  the  Inspector  of  Boilers  shall 

lat  the  furnace  or  fire-box  in   which  fuel  is  used 

r  purpose  of  generating  steam  is  so  constructed  or 

ed  as  to  cause  the  emission  of  dense  smoke  from 

imney  connected  therewith  he  shall  report  to  said 

the  condition  of  said  plant.     The  owner  of  said 

boiler,  generator  or  apparatus  shall  have  the  right 

in  such  appliance  or  make  such  alterations  or  use 

ucl  as  in  his  judgment  will  prevent  the  emission 

se  smoke,  but  this  shall  not  constitute  a  compliance 

his  ordinance  unless  such  appliance  or  such  fuel 

ictually  prevent  the  emission  of  dense  smoke. 

rovided,  boilers  on  locomotives  or  tugs,  and  any 
boiler,  generator  or  other  apparatus  carrying  other 
:ity  pressure  in  flat  buildings  or  apartment  build- 
hall  be  subject  to  inspection  as  hereinbefore  pro- 


rovided,  also,  that  any  boilers  for  heating  purposes, 
in  which  the  permit  specifics  that  not  more  than 
mnds  of  steam  pressure  to  the  square  inch  shall 
ricd,  shall  be  known  as  "low  pressure  boilers." 

fter  the  next  inspection  of  such  boilers  shall  have 
nadc  following  the  adoption  "f  this  ordinance,  in- 
>ns  thereafter  shall   be  made  once  in  every  three 

tBut  all  of 'Such  low-pressure  plants  may  be  in- 
at  any  time  thereafter,  and  without  charge,  with 
ice  to  the  provisions  for  draft  complete  combus- 
P  degree  of  combustion  of  fuel  and  prevention  of 
5ion  of  smoke 


firemen  to  operate  steam 
the  City  of  New  York,  u 
operating  such  boiler  or  t 
inaftcr  provided.  Such  I 
the  supervision  and  direc 
or  engineers. 

Section  2.  Should  a 
any  time  operated  by  a 
licensed  fireman  or  cngin 
owner  or  lessee  thereof 
one  week  from  such  noti 
ers  is  again  found  to  be  < 
not  duly  licensed  under  t 
facie  evidence  of  a  violat 

Section  3.  Any  per 
shall  make  applicati'  "'  fo 
i">ili  t  bureau  <>f  the  poll 
licensing  engineers,  who 
blank  forms  of  appllcatfc 

out  shall  be  signed    by 
working  as  an  engineer 
shall  therein  certify  tha 
actcr,  and   has  been  en 
general  assistant  under 
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re   as  specified  in  section  one  of  this  act 

receive  v.  \   days  lination  a 

providc<l   b\    this    u-t      Sm-li  license  may  be 

ctl  or  suspended  at  any  time  by  the  police  commis- 

r  upon  the  proof  of  deficiency;     Every  license  issued 

Her  this  act  shall  continue  in  force  for  one  year  from 

ne  unless  sooner  revoked  as  above  provided. 

license  under  this  act  unless  revoked   as 

•idol  shall  at  the  end  of  one  year  from  date 

issue  thereof,  be  by  the  board  oi  examiners 

application    and    without    further    examination. 

application  for  renewal  of  license  must   be   made 

thirty   days  of  the  expiration  of  such   license. 

every  license  granted  under  this  act  there  shall  be 

to  every  person  obtaining  such  license  a  certifi- 

certificd  by  the  officers  in  charge  of  the  boiler  in- 

ion  bureau.     Such  certificate  shall  be  plated  in  the 

■■■.  of  the  plant  operated  by  the  holder  of  such 

c.  so  as  to  be  easily  read 

HI  4.  No  person  shall  be  eligible  to  procure  3 
M  under  this  act  unless  the  said  person  be  a  citizen 
ie  United  Stat 

5.     All  persons  operating  boilers  in  use  upon 

ivcrnmeni  buildings,  ami  those  used 

ating  purposes  carrying  a   piv-'-iin    no!  exceeding 

tnls  to  the  square  inch,  shall  be  exempt  from  the 

:  this  act.     Such  license  will  not  permit  any 

■  than   1  duly  lii  ensed  engineer  to  take  charge 

ilers  in  the  1  it v  of  New  York. 

CITY  OF  PHILADELPHIA 

Inspection  of  Steam  Boilers. 

nspiTioi   shall,  by  himself  or  his  assistants 
al   leasl  once  in  every  year,  examine  each  sta- 


IVIII.IH.IILI      Ulll     ^M^^^^ 

wrought-iron  sheets  rivete< 
er's  name  and  the  quality 
each  sheet  in  accordance  v 
United  States  for  steambo 
He  shall  also  inspect  t 
with  the  various  attachm< 
the  boilers  and  their  pipe 

11.  He  shall  dctcrmi 
allowed  to  be  carried  on  5 
they  are  made  in  whole  or 
riveted  together,  and  be  g< 
in  estimating  the  maximuij 
steam  boilers  may  be 

12.  In  estimating  th 
seams  in  the  cylindrical  s 
two  formulae: 

Formula  A.  Pitch  of 
punched  to  receive  the  ri\ 
ccntagc  of  the  strength  of 
pared  to  the  strength  of  tl 

Formula   B.     (Area 
(number  of  rows  of  rivets 
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That  the  shearing  strength  of  a  nvct  in  a  composite 
mt    made  of  iron    rivets  Hid   Steel  plates  shall  M 

nsidesred  in  excess  of  fort)  thousand  (40.000)  pounds, 
ike  the  lowest  of  the  per  as  found  by  formula 

*  or  B)  and  apply  that  percentage  as  the  value  of  the 
im    in    the   following    formula    {<'<.   which   <!. 
e  strength  of  the  longitudinal  SCSnu 

Formula  C.  (Thickness  of  the  boilei  plate,  exprej 

parts  of  an  inch)x<  Value  of  the  seam  as  obtained  by 
>rmula  A  or  B)x(UltimatC  Strength  Of  the  iron  in  the 
fetes) -M  Internal  railius  of  the  boiler  u  \    FsctOT 

safety  (  =  1  Pressure  per  square  inch  at  which  the  safety 
dve  may  be  set). 

14.  Boiler  flues  and  furnaces  of  cylindrical  form  sub- 
mitted to  external  pressure,  tending  to  cause  the  cylinder 
1  collapse,  when  formed  of  wrought-iroii  plates  united 
r  rivets,  and  all  the  seams  made  with  lap-joints,  shall 
:  rated  by  the  following  rule: 

Mighty-nine  thousand  six  hundred  (89.600)  multi- 
ied  by  the  square  of  the  thickness,  and  this  amount 
rided  by  the  length,  in  feet  multiplied  by  the  diameter 
inches  of  the  flue,  equal  the  safe  load." 

N.  B. — This  rule  is  based  on  the  assumption  that 
!  circumferential  scams  acl  as  braces,  and  reduce  the 
Supported  length  of  the  flue  or  furnace  to  the  length 
the  sections  joined  by  the  circumferential  scams. 

15.  The  area  of  stay-bolts  and  stays  submitted  to 
ain  shall  be  measured  at  their  least  section,  and  one- 
:h  of  the  breaking  strength  of  the  iron  shall  he  as- 
med  as  the  safe  working  load,  if  the  ductility  test  of 
:  iron  does  not  exceed  fifteen   (.15)  per  cent,  hut  may 

taken  at  one  fourth  when  the  ductility  test  shows 
enty  (20)  per  cent  or  over.  The  allowable  strain  on 
y  bolts  or  stays  of  unknown  quality  of  iron  shall  never 


head  of  the  boiler  be  cq 
of  the  boiler  to  which  i1 
the  head  sheet  must  1>< 
plates  used  in  the  shell  i 
ing  is  necessary.  All  fl 
the  value  of  the  shell  wh 
or  tubes.  Domes  and  n 
must  be  made  as  strong 
by  any  of  the  well-knov 
the  inspector. 

22.     Each  boiler  sh; 

and  one  glass  water  gau 

a  second  glass  water  ga 

pendent  connection  wi< 

necting  pipe  is  used  fc 

least  nine   (9)   square 

tions  to  which  shall  be 

one-quarter  (ij4)   inch 

must  be  so  placed  that 

four  (4)  »nches  above  t 

of  the  fire  box.    The  1< 

in  elass  gauge  must  b 


~  v"«ry  safety  valve  shall  have  an  arm  or  bearer  distinctly 

^^*^ched  and  marked  with  five  pounds  or  ten  pounds  divi- 

**^«is,  and  shall  have  but  one  "P"  or  hall  for  a  weight. 

"*-,J"ie  weight  of  said  "P"  or  ball  is  to  be  determined  by 

=**«  inspector,  the  pounds  and  ounces  of  which  shall  be 

*^«mped  or  plainly  marked  on  the   weight  and  on  the 

^^^"Ver,  and  a  record  of  the  same  is  to  be  kept  in  the  office 

~-^3T    the  inspector:   and  the   arm  shall   not   have  greater 

*^»gth  than  will  allow  the  "I*"  to  be  placed  so  as  to  pro- 

'**■-*  *-ice  on  the  boiler  the  maximum  pressure  which  the  ccr- 

^■*<kate  authorizes  to  be  carried. 

Schedule  A,  Referred  to  in  Section  23. 

Least  aggregate  area  of  safety  valve  (being  the  least 

ss^ctional  area  for  the  discharge  of  steam)  to  be  placed 

^*jx>n  all  stationary  boilers  with  natural  or 'chimney  draft. 

This  area  may  be  expressed  by  the  formula 

22.5  ( 1 

A= 

IM8/»2 
**»  which  A  is  area  of  combined  safctv  valves  in  inches, 
^i  is  area  of  grate  in  square  feet.     I'  is  the;  pressure  <»f 
s*eam   in  pounds  per  square  inch  to  1><-  carried  in   the 
■toiler  above  the  atmosphere. 

The  following  table  give*  the  results  of  tin-  formula 
f^r  one  square  foot  of  grate  as  applied  to  boilers  used  ;ii 
different  pressures: 

Pressure  Per  Square  Inch. 
10     20     30     4«j     so     fn     ~<>     Ro     '/>     \<*>      If 'j     i*> 

I       I      !      I       I       I      !      I       I       I        I 
x.21  0.79  0.58  o.y.  o..y<  n  33  u  j-i  >,.2'  '1  j>,  nat  0.17 

J  Area  orr>—m.r  v.''.".m;  •••  ■■:.-  *-»j"ar'-  ''.<>•>'  •■:'  :•■■>'•■.] 
Example:     I:  •:!•  r  25  -•  ■■■:.:.   f'.'.l  '.■'■   vr:-.'-:  ■■.:-m  •ei.l 
Sixty  pounds  pr-.---.:r'.. 
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For  one  square  fool  (from  table)  0.33 

2<j  square  feet. 

8.33  square  in 
This  would  call  for  two  safety  valves  each.  v. 
square  inches  area  of  2.3-10  diameter. 

.'>.     The  charges  fur  inspection  which  shall  lie 
by  the  user  or  users  of  boiieri   in  use  by  any  single  | 
son,  firm  or  company  which  may  be  inspected  in  one  i 
spection,  shall  be  as  follows,  viz.:     For  each  and 
boiler  the  sum   of  three   (3)   dollars,  and   for  each 
every  square  foot  of  grate  surface  twenty   (20)  cents. 

CITY  OF  ST.  LOUIS. 

Inspection  of  Boilers  and  Licensing  of  Engineers. 
Manner  of  Inspection. — Section  2203.  The  man»tf 
of  inspection  shall  be  substantially  as  follows:  TV 
owners  of  steam  boilers  and  users  shall  have  the  opti» 
of  taking  the  hammer  test  or  the  hydrostatic  tCSt;  abo 
of  electing  whethei   the   Inspector  of  i:  n4  Fik- 

vators  or  one  of  the  Assistant  Inspectors,  mentioned  in 
this  chapter  and  employed  and   paid   by   the   in- 
companies,  shall  make  such  test.     If  the  hammer  test  b< 
asked  for.  the  examination  shall  be  thorough  and  seirch- 
ing  upon  every  part  of  the  boiler,  both  internally  u 
ternally,  including  all   linings  and  attachments.     If  tht 
hydrostatic  test;  be  asked  for.  each  boiler  shall  be 
by   the   hydraulic   pressure  one-fourth  greater   tl\ 
ordinary  working  steam  pressure  used,  and  the  ce;> 
of  inspection  herein   provided  shall  state  the  maximum 
pressure  at   which  any  boiler  may  be  worked.     In  CM* 
a  defect  shall  be  discovered  in  anj   boiler  or  attachment 
thereto,  the  Inspector  of  Boilers  and  Elevj  ^nll  re- 

port the  same  to  the  owner  or  user  of  said  boiler  01 
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I  state  tli ■  t.ni-  of  the  case  in  writing,  giving  a 
description  of  the  particular  locality  in  which  each  defect 
•  nay  be  found,  and  whether  of  a  dangerous  character  and 
necessitating  immediate  repair.  If  the  Inspector  of 
I  toilers  and  Rlevators  shall  at  any  time  find  a  boiler 
wliiih,  in  his  judgment,  is  unsafe,  after  inspecting  same. 
In  shall  condemn  its  further  use,  All  boilers  to  be  tested 
by  the  hydrostatic  pressure  shall  1".-  tilled  with  water  by 
the  owners  or  users,  and  they  shall  furnish  the  necessary 
labor  required  to  work  and  handle  the  pumps  m  applying 
the  test.  When  leaks  occur  which  prevent  a  successful 
test,  the  Inspector  of  Boilers  and  Elevators  shall  make 
a  second  test,  upon  receiving  notice  that  all  leaks  have 
been  repaired.  If,  upon  making  a  second  test,  the  boiler 
or  boilers  are  still  defective,  he  shall  for  each  subsequent 
test,  collect  an  additional  inspection  fee.  but  in  no  i 
shall  he  give  a  certificate  until  fully  satisfied  of  the  safety 
of  the  boiler  or  boilers.  All  certificates  of  inspection 
shall  be  for  one  yeat  and  no  longer.  Any  owner  or  usei 
of  any  boiler  or  boilers  insured  by  any  steam  boiler  in 
spection  and  insurance  company  duly  authorized  to 
transact  business  in  the  State  of  Missouri,  shall,  upon  his 
request,  have  the  hydrostatic  test  applied  once  annually, 
without  extra  charge,  by  the  assistant  boiler  inspector  of 
such  company,  as  provided  in  this  chapter. 

Plans  and  Specifications. — Section  2236.  Hereafter 
any  manufacturer  or  builder  of  hoilers,  upon  receiving 
I  contract  to  construct  a  boiler  to  he  installed  within 
the  limits  of  the  City  of  St  I.ouis,  shall  notify  the  In- 
spector of  Boilers  and  Elevators  of  the  fact,  and  submit 
to  him  plans  and  specifications  of  same.  All  plates  or 
sheets  used  in  the  construction  of  any  boiler  which  is  to 
be  installed  in  any  building  within  the  City  of  St.  I.ouis 
shall  be  carefully  inspected,  as  well  as  the  workmanship 


St.  I-ouis,  shall  notiiy  tnc 
vators  of  tlic  fact,  and  file 
fications  of  said  elevator 
showing  the  size  and  cons 
ropes  or  cables,  and  all  : 
gether  with  the  clearance 
and  the  automatic  locking 
to  the  shaft.  Before  sal 
operation,  a  certificate  sh; 
in  Section  2234. 

License   of   Engineer 

shall  provide  for  regular 
Boilers  and  Elevators  sh 
minutes  of  the  proceedin 
for  business  once  in  each 
fications  of  applicants  f< 
jority  of  the  members  o! 
quorum  for  the  transact 
shall  keep  a  register  of  the 
nating  those  found  qualifi 
board  shall  grant  certifii 
from  date  thereof,  to  all 


lera  anil    Elevators  .-.hall  be  paid  into  the  City 

.,  ;.-.  provided  bj  section  2209,  bat  no  charge 
made  for  renewals.  All  certificates  of  licenses 
ntcd  shall  be  signed  by  not  less  than  two,  and  may 
signed  by  all  the  members  of  the  Board.  The  Board 
Engineers  maj  adopt  such  rules  and  regulations  as 
>•  deem  proper,  not   inconsistent  with  this  Chapter 

neral    law.     A    full    Board    of    Engineers,    by   an 

.  shall  have  the  power  to  revoke  an  cngi- 

r'a  license  for  inebriety,  dishonest}  or  neglect  of  his 

when  in  charge  of  an  engine  or  boiler  in  use.  and 

I  order  the  rcinspeexjon  of  any  boiler  whenever  they 

II  defm  it  necessary  for  the  public  safety;  but  no 

shall  be  permanently  revoked  for  cause  without 
1  giving  the  accused  jinny  an  opportunity  to  be  heard 
lis  own  defense.  In  Fig.  aofi  is  shown  the  St.  Louis 
in  of  a  stationary  engineer's  license,  as  issued  by  the 
ird  of  Examining  Engineers  for  that  city. 
Inspections. — All    inspections    made    in    the    city, 

ether  by  deputy  or  assistant  inspector:*,  are  made  snb- 
:  to  the  approval  of  the  Inspector  of  Boilers  and  Ele- 
ors. 

Number. — In  the  City  of  St.  Louis  there  are  /008 
lers  in    use.  .   1\    1398  engineers.     There  are 

o  elevators  in  operation,  divided  as  follows,  viz.: 

Hand  Elevators.  461. 

Tower  Freight  Elevators,  1525. 

Power  Passenger  Elevators,  554- 

Rtquiring  a  total  of  9332  inspections  annually. 

Plan  for  a  Power  Plant— In  Fig.  297  is  shown  a 
n  for  a  power  plant  of  the  most  common  size,  consist- 

of  a  Corliss  engine,  two  boilers  in  battery,  with  smoke 
meet  ion  to  outside  stack  on  3  brick  base,  feed  water 
iter,  pump  and  piping  for  same. 
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TABLE   OP    DECIMAL    EQUIVALENT* 
OtStha,  lOths,  32d»  and  64ths  of  an  Inoh. 


ft  =  -28125 
H=  M375 
H=  -40625 
if  =  .46875 
1J=  .53125 
Jt  =  .59375 
|J  =  .65025 
|)  =  .71875 
H  =  .78126 
|}  =  .84375 
}}  =  .90625 
}}  =  .96875 

04th*. 
,»,  =  .015825 
ft  =  .046875 
ft  =  .078125 
ft  =  .  109375 
ft  =  . 140625 
J}=  .171875 
U=.  203125 
J J  =  .234375 
H  =  .265625 
Table  No.  31. 
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CHAPTER  XXXII. 

ELECTRICITY. 

Questions  and  Answers. 

Q.    What  is  static  electricity? 

A.    It  is  electricity  produced  by  friction. 

Q.    How  is  it  usually  produced? 

A.  By  a  plate  machine,  which  is  simply  a  circular 
glass  plate  made  to  revolve  between  rubbers,  the  fric- 
tional  action  of  the  rubbers  charging  the  plate  with 
electricity. 

Q.    What  is  current  or  dynamic  electricity? 

A.     It  is  electricity  in  motion. 

Q.     How  is  it  usually  produced? 

A.  By  means  of  voltaic  cells,  dynamos  or  gen- 
erators. 

Q.    What  is  a  voltaic  cell? 

A.  A  simple  voltaic  cell  is  formed  by  partially 
"'ling  a  glass  jar  with  water,  to  which  is  added  a  little 
Sv*Iphuric  acid,  H2S04,  together  with  two  clean  strips, 
0r»e  of  zinc,  Z,  and  one  of  copper,  C. 

Q.  What  is  necessary  to  be  done  before  any  cur- 
r^nt  will  be  produced? 

A.  It  is  necessary  to  connect  these  two  plates  by 
nl«ans  of  a  wire  or  conductor  in  order  to  complete  the 
c»rcuit. 

Q.     In  what  direction  will  the  current  flow  in  the 

A.     From  the  zinc  to  the  copper  strip. 

Q.     What  are  electrodes? 

A.  These  are  plates  of  metal  or  other  substance 
'"miersecl  in  the  liquid.  The  zinc  plate  is  called  the 
generating  electrode,  and  the  other  plate  the  conducting 
electrode. 
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Q.    What  are  the  poles  of  a  battel 

A.  The)  an  the  parts  oi  the  electrodes  which  pn* 
ject  out  of  the  fluid. 

Q.     What  is  an  electrolyte? 

A.  It  is  the  exciting  fluid  which  acts  upon  the 
plates  or  electrodes  placed  within  it,  producing  a  cm- 
rent  between  the  two  plates  and  the  wire  joining  then. 

Q.     How  does  the  current  flow  in  the  cell  ' 

A.  From  the  zinc  strip  which  is  the  negative  elc%- 
trode.  to  the  copper  strip,  which  is  the  positive  tie 

Q.  Docs  the  current  always  flow  from  the  posi- 
tive to  the  negative  terminal? 

A.  Yes,  the  copper  strip  in  the  voltaic  cell  be- 
coming the  positive  terminal. 

Q.     What  determines  the  rate  of  flow  of  a  current? 

A.  The  amount  of  copper  dissolved  from  one  el«- 
trodc  and  deposited  on  the  other. 

Q.     What  rate  is  taken  as  the  unit  of  rate  of  flow' 

A.  The  unvarying  rate  which  will  deposit  O.0OIUB 
of  a  gramme  of  silver  per  second,  when  the  current  ■■'■■ 
forced  through  a  solution  of  nitrate  of  silver. 

Q.     What  is  this  unit  called? 

A.     An  ampere. 

Q.  To  what  does  an  ampere  correspond  in  :h; 
flow  of  a  body  of  water? 

A.  To  the  cross  sectional  area  of  the  water  flowi"? 
in  a  pipe. 

Q.     What  is  the  volume  of  current? 

A.     The  number  of  amperes  multiplied  by  - 

Q.    To  what  is  the  flow  of  current  due  in  a  cell"' 

A.  To  the  electrical  pressure,  or  electromotive 
force  generated  by  the  decomposition  of  the  clemcnt> 
forming  the  cell. 

Q.  How  is  electrical  pressure,  or  electromotive 
force  measured? 


STATIONARY  ENGINEERING. 


93? 


V       In    volts,    which    is    similar   to   pounds    pressure 
per  square  inch 

ij.     What  other  names  arc  given  to  this  electrical 

•.ire? 

Electromotive  Force,  usually  written  E.  M.  F. 
or  simply  E.,  difference  of  potential,  tension   and   volt- 

Q.     What   causes  the  current    to   flow   from   a    dyn- 

A.     The  difference  in  the  electrical  pressure  or  elec- 
tive   force   generated. 
Q.     Is  the  electrical  pressure  generated  in  a  dynamo 
in  the  same  way  as  in  a  voltaic  cell? 

A.  No,  in  a  dynamo  it  is  generated  by  magno- 
flcctric  induction,  which  is  the  inducing  of  electricity 
by  magnetism. 

Q.     What  is  magneto-electric  induction? 

It  la  the  creation  of  magnetic  lines  of  force  by 
"leans  of  a  current  of  electricity. 

Q.     What  are  magnetic  lines  of  force? 
A      They  are  invisible  lines  of  force  which  pass  from 
Pole  to  pole  of  a  magnet  through  the  air  or  other  non- 
"lajrnctic  substances. 

Q.  How  is  an  electro-magnet  made? 
\  If  a  wire  be  wound  around  a  bar  of  soft  iron  or 
*teel.  an-l  a  current  seni  through  the  wire,  the  bar 
will  be  found  in  be  manneti/ed  as  Ion-  as  the  current 
flows;  that  is.  it  will  possess  the  power  of  attracting  iron 
Jr  steel. 

Q.  Why  will  it  attract  to  it  pieces  of  iron  or 
steel ? 

A.  Because  the  lines  of  force  always  exert  their 
power  in  i he  rlireeti.ni  of  shortening  their  travel,  and 
the  pieces  of  iron  or  steel  ar.-  better  conductors  than  tin- 
air,  and  will  therefore  shorten  the  travel  of  the  lines  of 
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force  from  one  pole  to  the  Othei   p 

Q.    What  is  a  solenoid? 

A.  li  is  a  coil  <>f  wire  which  is  magnetized  by  -.Ik 
passage  of  a  current  of  electricity. 

Q.      Is  it  a  coil  alone  without  any  core? 

A.     Yes.  tin'  coil  alone. 

Q.    How  is  electricity  induced  by  meant  ol  mag 
ism? 

A.  By  cutting  the  line-  of  force  with  a  conductor, 
such  as  a  wire,  fn  this  simple  way  almost  all  dynamic 
electricity  is  generated. 

Q.  How  much  electrical  pressure  is  generated  bj 
moving  a  wire  across  line  of  force? 

A.  One  volt  for  cacli  ioo.ooo.ooo  lines  of  fnrcc  cat 
per  second  by  the  wire. 

Q.  Give  a  formula  for  determining  the  electro- 
motive  force  or  voltage  of  an  ele<  trical  general 

A.  Volts  —  tines  "I"  tone  X  revolutions  per  sec- 
ond x  conductors  on  the  armature        ioo.oxxmxjo. 

Q.     What  are  these  lines  of  force  usually  called? 
V     The    magnetic    flux,   and     the    space     through 

which  they  pass  is  called  the  magnetic  field. 

Q.     Are    all    magnets    surrounded    by    a     mag' 

field? 

A.      VeS,   lO  a   more  or   less   extent 

Q.     Is  there  any   limit  to  the   nun., 
lines  of  force  that  can  he  forced  through  a  SUbstaE 

A.     Yes.  the  iron  or  su  el  or  other  substances  be- 
come saturated   with   the    magnetism,   the     same 
sponge   becomes   saturated     with    water.      Beyond    thi» 
point    the   magnetic   resistance  of  the  iron   or  st< 
creases    si     rapidly   that    only   a    small    increase   in  tin 
magnetism  can  be  produced. 

Q.  What  is  meant  by  the  permeability  of  a  su'1- 
stance? 
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A.  Il  is  llic  ability  to  conduct  magnetic  lines  of 
force,  oi  to  contain  magnetism. 

(J.     What  is  meant  by  reluctance? 

\.     it  is  the  magnetic  resistance  of  a  substance. 

(J.  \\ 'liat  is  the  rule  for  determining  the  magnetic 
flux? 

A.  The  flux  is  equal  to  the  magnetizing  Force  di- 
vided b)  the  resistance. 

Q.  ''What  is  Ohm's  taw? 

A.  The  electrical  current  is  equal  to  the  electrical 
pressure  divided  by  the  resistance  of  the  conductor. 

What  is  the  difference  between  the  rule  foi 
finding  the  magnetic  Hun.  and  for  finding  the  electrical 
cttrrenl  ? 

A.  None,  except  the  iiist  applies  lo  tin-  circuit  of 
the  magnetic  lines  of  force,  while  the  other  applies  to 
the  flow  of  an  electrical  current. 

Q.  What  i-  the  piirpi.se  of  an  armature  on  a 
dynamo'' 

A.  To  furnish  a  good  path  for  the  magnetic  flux 
passing  from  one  pole  to  the  other  pole  of  the  magnet. 

O.      What   other  purpose  does   it   serve'' 

A.  To  cut  the  lines  of  force  forming  the  magnetic 
flux,  and  therein-  create  the  electric  pressure  or  EL  M. 
F. 

»0.     Does  a   dynamo  create  electricity  ': 
A.    No,  it  on!}  creates  in  electric  pressure. 
Q.     Should  the  armature  consist  "f  only  one  wire. 
what   would   take   place  during  each   revolution   it   made 
in  the  magnetic  field? 

A.  When  the  wire  was  moved  downward  in  one 
direction,   the   electrical    pressure   would    be   sent    out    in 

me  direction,  but  when  the  wire  passed  upwards,  the 

pressure   would   he   reversed   and   sent    out    in    the    other 
direction,  causing  the  current   to  alternate  first   in  one 


MO 


STATIONARY    ENCINEEKINC. 


direction  and  then  in  the  Other  direction  through 
entire  circuit. 

Q.     Wl>at  is  such  a  current  call; 

A.     An  alternating   current. 

Q.  Are  all  currents  when  generated  alternating 
currents? 

A.     Yes. 

Q.     Has  a  dynamo  always  more  than  one  coil? 

A.  Yes,  in  practice  the  number  of  coils  on  a  direct 
current  machine  ranges  from  sixteen  to  several  hundred, 
according  to  the  type  and  size  of  the  dynamo. 

Q.  Can  the  same  electrical  pressure,  or  E.  M.  F. 
be  generated  by  revolving  the  magnets  around  the  arm- 
ature so  as  to  cause  the  magnetic  flux  to  be  cut  by  i 
stationary  wire  or  armature? 

A.  Yes,  it  is  only  necessary  to  cut  the  lines  of 
force  at  right  angles. 

Q.  Upon  what  does  the  E.  M.  F.  of  an  electrical 
generator  depend? 

A.  Upon  the  speed  of  the  machine,  and  the  sux 
of  the  magnets. 

Q.  Why  is  it  necessary  to  put  so  many  wire*  on 
the  armature? 

A.  In  order  to  obtain  the  required  E.  M.  F.  at  a 
safe  speed  and  with  a  moderate  size  machine. 

Q.     How  does  the  speed  effect  the  E.   If.  F.? 

A.  The  E.  M.  F.  furnished  by  each  wire  or  arma- 
ture conductor  is  proportioned  to  the  number  of  mag- 
netic lines  cut  per  second  by  that  wire  or  conductor, 
consequently  the  higher  the  speed  of  the  machine  the 
more  lines  of  force  will  be  cut  per  se< 

Q.  How  does  the  size  of  the  magnet  effect  the  E 
M.  !•*.  of  the  machine? 

A.  The  size  of  the  magnets  determine  the  number 
of  magnetic  lines  in  the  field,  and  for  each  i.ooo.oooX 
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of  such  magnetic  lines  cut  per  second,  one  volt  of  E.  M. 
F.  is  generated  in  the  wire  or  conductor,  consequently 
the  larger  the  magnets  the  greater  the  E.  M.  F.  gener- 
ittd. 

Q.  Does  the  speed  of  the  machine  or  sire  of  the 
nagncts  also  determine  the  amount  of  the  current  sent 
tut  by  the  dynamo? 

A.  No.  the  size  of  the  wire  used  on  the  commutator 
n<l  the  manner  of  connecting  the  windings  alone  deter- 
ninc  this,  the  larger  the  wire,  the  more  current  it  will 
any  without  heating. 

Q.     Are  all  armatures  made  alike? 

A.  No,  there  are  two  general  classes,  the  drum 
irmature  and  the  ring  armature. 

»Q.     What  is  the  difference  between  them? 
A.     In    the   drum  armature,   the   wires  are    wotind 
ongitudinally,  that  is  lengthwise,  upon  the  drum  or  core 
>f  the  armature,  while  they  are  wound  around  the  core 
>i  the  ring  armature. 

Q.     Its   the   armature  core,   that   is   the   body   upon 
vhieh  the  wires  are  wound,  ever  made  a  solid  piece? 
A.     No.  never,  but  is  always  laminated,  which  means 
■I  up  into  thin  sheets  or  plates,  which  are  carefully 
tsulated  from  each  other. 

Q.  What  is  the  object  in  laminating  the  core,  and 
isulating  the  sheets  or  plates'1? 

A.  To  prevent  the  generation  of  eddy  curents  in 
ie  core  as  much  ;is  ix.~--il.Ie. 

VQ.     What  are  eddy  currents? 
A.     They    are   currents     generated     in     masses    of 
ictal   when   magnetized,  which   cut   the  lines  of   force. 
have  no  regular  path  but  circulate  at  random. 
Q.     Are  these  eddy  currents  objectionable? 

Yes.  they  are  the  source  of  constant  armature 
us  th  |>atc  considerable  energy  and  heat  the 
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machine   badly.     By  laminating  th<    core,   this 
greatly    reduced. 

O.     By  what  Other  name  is  these  currents  known: 
As  Foucault  currents,  In-  having  first  recognized 
their  existence 

O.  What  is  meant  by  the  fields  of  a  dynamo  w 
generator? 

A.     They  arc  the  magnets  from  which  enianai< 
magnetic  lines  of  force. 

Q.    How  are  the  fields  constructed? 

A.      Wires    'U    COilS   :nc    mounted   on    111. 
which  spools  are  made  to  slip  over   tin    pole 
the  machine. 

Q.  What  material  is  used  in  the  construction  oi 
the  pole  pieces,  and  win  r 

A.  Cast  iron,  cast  steel  ami  wrought  iron  are  the 
principal  materials  used,  owing  to  their  high  permeabil- 
ity or  ease  with  which  tin-  magnetic  lines  of  force  pass 
through   thetn. 

Q.      Are  the  pole  pieces  made  of  solid  metal? 

A.  NO,  but  are  laminated  to  reduce  the  loss  due  to 
eddy  currents. 

Q.  How  are  they  fastened  to  the  frame  of  the 
machine''1 

A.     They  ate  usually  cast  integral  with   the  :':. 
but  arc  often  bolted  t"  it. 

Q.     Where  is  the  current  in  a  dynamo  produced? 

A.     In  the  armature  coils. 

Q.  Where  does  the  field  magnets  get  the  current 
to  excite   their  coils? 

A.     Prom  the  armature. 

Q.  How  is  this  done  when  the  dynamo  i*  at  re*t 
ami  no  current   is  produced  i 

A.  All  iron  masses  retain  a  -mall  amount  oi  tn»g- 
nctism   after  having  been   once   magnetised,   called  "re- 
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lidual"  magnetism,  This  residual  magnetism  induces  a 
Amount  of  E.  M.  I ■".  in  the  armature  and  a  small 
nt  <if  current  will  therefore  pass  through  the 
field  coils,  which  in  turn  increases  the  magnetism  of  the 
Bdd,  that  is,  tin-  number  of  lines  of  force  cut  by  fch< 
armature,  and  this  in  turn  increases  the  How  of  the  cur- 
rent in  the  armature  and  which  continues  to  increase 
the  "excitation*'  <if  the  field  until  finally  the  machine 
is  built  up  tO  its  normal  capacity. 

Q.  Does  all  the  current  sent  out  from  the  armature 
pass   through  the  field  coils' 

A.    That  depends  on  the  field  windings. 

Q.     Why  is  a  difference  in  the  field  windings  made? 

A.  To  adapt  the  machine  to  the  different  require- 
ments of  the  work  to  I"-  dont 

Q.     How  docs  the  requirements  of  the  work  differ? 

A.  In  arc  lighting,  the  current  must  lie  kepi  con- 
stant, while  in  incandescent  lamp  circuits  and  power 
circuits,  the  potential  or  F,.  M.  F.  most  be  kept  constant. 

Q.  In  order  to  keep  the  current  constant,  what 
must  be  done  ' 

The  whole  curreni  must  be  passed  through  the 
and  as  the  load  varies,  the  E,  M    F.  must  be  made 
t"  automatically   varj    so   as    to   keep   the   current   con- 
stant. 

Q.     In  order  t"  keep  the  E.  M.  F,  constant,  what 
be  done*! 

A.     Only    0    small    pari     "f    the    current      must     he 
Ited"  through  the  fields,   and  this  shupted  current 
ted   according  to  the  load,  a  rheostat    hi 
lor  tins  purpo 

Q.     Is  this  shunted  current  automatically  regulated? 
\.     No.  the  rheostat   is  operated  by  an  attendant 
load   increases,  the  rheostat   is  so  adjusted   that 
Id   winding>    take  more  current,  and  as  the    load 
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decreases  the  field  winding!  are  made  to  take  less  cur- 
rent. 

Q.     How  does  the  operator  know  when  the  lo* 
creases  or  decreases? 

A.     By  the  use  of  a   pilot   lamp   or   the   voltn 
which  indicates  the  electric  pressure  or  E.  M.  1'. 

Q.     Is   then-   any    way   there  can   be   an   automatic 
preservation  of  the  E.  M.  F. ? 

A.     Yes.  by  what  is  known   ;is  I  compound  wind- 
ing of  the  field  coils. 

Q.     How  is  this  done? 

A.     By  means  of  two  windings  in  the  held  instead 
of  only  one,  being  a  combination  of  the  series  and 
windings.      With    these    two    windings,    the    lamp 
not  too  bright  at  a  low  point  of  the  load,  and  not  too 
dim  at  the  high  point  of  the  load. 

Q.     How  do   these   two  windings  differ? 

A.     The  series  winding  coi  >  a  few  turns  of 

heavy  wire,  while  the  shunt  winding  consists  of  a  large 
number  of  turns  of  fine  wire. 

Q.     What  is  the  effect  of  these  two  windings? 

A.  The  heavy  wire,  or  series  winding,  takes  all 
the  current  that  the  dynamo  produces,  hence  the  more 
current  the  dynamo  produces,  the  stronger  it  mak> 
fields.  The  fine  wire,  or  shunt  winding,  takes  only 
what  the  dynamo  produces  when  then'  is  little  or  no 
current  coming  from  the  armature.  Consequently,  when 
there  is  a  heavy  current  necessary  to  take  care  of  a 
heavy  load,  these  two  windings  act  in  unison  the  effect 
of  the  total  current  passing  through  to  the  series  wind- 
ing being  augmented  1>\  the  small  amount  of  current 
passing  through  the  shunt  winding,  which  is  regulated 
by  a  rheostat.  We  therefore  see  that  the 
ing  adds  as  much  additional  magnetism  to  the  fie] 
is  required    to    compensate    for    the    loss    caused    ft 
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armature  reaction  and  drop  in  the  line,    The  series  wind* 

ing  is  therefore  called  the  "compensating"  winding.  In 
thi-s  way  the  F..  M.  P.  Is  automatically  kept  constant, 
though  the  current  varies.  A  much  closer  regulation 
can  also  be  obtained  than  when  one  winding  alone  is 
lived. 

Q.  Have  both  alternating  and  direct  current  ma- 
chine-, these  different  field  windings? 

A.     No,  only  direct  current  machines. 

Q.  Why  have  not  alternating  machines  also  these 
different  field  windings? 

A.     Recau.sc   the    fields    of  an   alternating     current 

machine  must  be  excited  by  a  direct  current,  and  there 

dd  he  no  gain  in  ><>  regulating  the  current  or  E.  M. 

'  saeh  machines, 

Alternating  current  machines  arc  known  as  separ- 
ately excited  machines,  while  direct  excited  machines 
arc  known  as  self  exciting  niacin; 

Q.  Since  all  current  when  produced  is  alternat- 
ing, how  IS  it  changed  into  a  direct  current? 

A.  By  the  use  of  a  commutator,  which  device  takes 
the  place  of  collector  rings  on  alternators,  as  alternating 
current  machines  are  called. 

Q.     How  is  a  commutator  constructed? 

A.  Instead  of  being  a  solid  metal  ring,  it  is  made 
up  of  segments,  each  segment  being  insulated  from  the 
•tlier.  In  this  way  the  current  is  made  to  flow  always 
in  thi  lirection  throughout  the  external  circuit. 

Q.    How  does  1I11  commutator  do  thi-? 

When  the  11.  M.  !•".  is  at  zero,  both  brushes  rest 
against  both  segments,  but  when  the  E.  M.  P.  increases 
or  decreases,  the  positive  brush  rests  against  one  seg- 
ment and  the  negative  brush  against  the  other.  When 
the  F..  M.  F,  again  becomes  zero,  it  again  rests  against 
both  brushes      As  the   E.  M.   P.  again  increases,  but  in 
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;iu  opposite  direction,  the  location  of  the  two 
change,  the  positive  brush  always  receiving  tl  1  - 
current  and  the  minus  brush  the  incoming  current.    If. 
lliis    way    the    current    it        .\  in    <mly  ooe 

direction. 

(J.    lata  what  enra    i  lasses  arc  all  direct  unreal 
machines  therefore  divided? 

A.     [nto  (l)   series  wound:   (a)   ghunl    wouni 
compound  wound  machines,  depending  upon  the  wind' 
tag  of  the  field  magnets,  and  how  these  windini 
connected  to  the  armature. 

(J.     flow  is  the  field  winding  connected  on  a  series 
machine? 

A.     To  one  brush,  and  to  the  external  circuit 

Q.     How  is  the  field  windings  connected  on  ■■■  shoal 
machine"' 

\.     between  the  brushes. 

Q.     How  are  the  two  field  windings  eonni 
a  compound  machine? 

A.     i  'ne   winding   i-  connected   in   series,    and 
other   winding    in   parallel    with   the   armature   ami   ex- 
ternal circuit. 

Q.    What  do   you    mean   by    being    connected    in 
series? 

A.     The  positive  and  negative  terminals  being 
nectcd  together,  the  same  as  two  horses  in  tandem,  that 
is,  I  'tie  in  front  of  the  Other. 

Q.     What  do  you  mean  by  in  parallel  or  multiple? 

A.     All  the  positive  terminals  being  connei 
gcther  and   the   negative   terminals   together,    the   same 
as  two  horse-  abreast,  that  is,  side  by  side. 

Q.     What    is   meant    by   short   shunt   and    a   "long 
shunt"  on   a  compound   machine? 

A.     A  short  shunt  is  when  the  shunt  coils  are  con- 
nected in  shunt  between  the  brushes,  and  a  long  shunt 
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when  the  shunt  includes  both  the  armature  circuit,  that 
is.  the  circuit  from  brush  to  brush,  and  also  the  series 
coils. 

Q.  What  is  the  effect  of  connecting  cells  or  dyna- 
mos in  series? 

A.  It  increases  the  electrical  pressure  or  E.  M.  F. 
or  voltage,  the  current  remaining  the  same. 

Q.  What  is  the  effect  of  connecting  them  in  parallel 
or  multiple  arc? 

A.  It  increases  the  current  or  amperage,  the  E. 
M.  F.  remaining  the  same. 

Q.    What  is  an  equaliser? 

A.  It  is  a  connection  made  between  electrical  ma- 
chines for  equalising  the  electrical  pressure  over  a 
system. 

Q.  How  is  the  equalizer  connected  between  two 
or  more  compound  wound  dynamos  operated  in  parallel  ? 

A.  Into  the  series  coil  and  positive  brush  terminal 
on  one  machine,  over  to  the  series  coil  and  positive 
brush  terminal  on  the  other  machine. 

Q.     How  is  it  connected  to  the  switch  board? 

A.     To  the  middle  blade  of  a  three  blade  switch. 

Q.     What  are  bus-bars? 

A.  They  are  insulated  copper  bars  to  which  the 
different  terminals  of  electrical  machines  are  connected 
for  convenience,  instead  of  connecting  the  terminals  of 
one  machine  to  the  terminals  of  the  other.  All  the 
positive  terminals  are  connected  to  the  positive  bus-bars, 
all  the  negative  terminals  being  connected  to  the  neg- 
ative bus-bars.  When  an  equalizer  is  used,  it  is  con- 
nected to  a  third  bus-bar,  usually  placed  between  these 
two  bars. 

Q.     Will  compound  machines  run  satisfactorily  to- 
gether in  parallel  if  their  series  coils  are  not  connected 
together  by  an  equalizer? 
31  .    . 
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A.    No,  tor  should  the  pressure  at 
hi  one  machine  fall  below  that  "f  the  <>tiicr,  u 
immediate!}'  take  a  smaller  proportion  of  the  lo 

consequently  the  current  in  the  field  coils 

.  mi  r  ri.-i luc<  <i      i  in  -  pn  "i  ■-•-   kvoaid  g<  •  on  until 

the  machine  would  cease  to  supply   current,  a 

current  From  the  other  machim  Bowing  in  the  fie 

in  a  reverse  direction,  would  motor  the  mn  I 

it  in  an  opposite  direction  tn  which  it  previously 

a  dynamo. 

By   using  an   equalizer,   the  whole  "i    the 
generated  by  the  plant  i-  divided  among  the 
of   the    machines    equally,    thus   maintaining    the 
stant  and  obviating  all  danger  of  reversal  oi  pola 

(J.  With  what  other  machines  is  an  cqualii 
nection  used 

A.     In  coupling  series  dynamos  in  parallel. 

Q.     How   is  a   new  machine  switched   in)  i 
with  one  running? 

A  The  voltage  at  the  new  machine  OlUSl  I 
up  to  be  equal,  or  nearly  equal,  to  that  oi  I 
running  befort  closing  the  switch, 

o.    How  i-  :i  dynamo  cut  out  of  a  circuit? 

A.     It  is  firvi  necessary  to  reduce  the  load  t> 
amperes,   either    by    glowing    down    the   engine, 
Cutting  resistance   into  the  -hunt    circuit   by   m< 
the  rheostat  or  hand  regulator.     Wol   until  then 
the  switch  be  opened. 

Q.  Is  there  any  difference  between  the  ar 
winding  of  an  alternator  and  a  direct  current  mac 

A.  No.  but  the  grouping  of  the  windings 
iiniit. 

Q,  Does  the  E.  M.  F.  rise  and  fall  twice  i 
revolution  of  the  armature  for  each  i 

A.     Yes.  in  a  hi-polar  machine,   it   rises 
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time  a  coil  passes  a  pole,  or  twice  [01  each  pail  oJ 


>.     What  is  a  cycle? 

L    A  cycle  represents  the  current's  strength)  <>r  F.. 

,  during  each  complete  revolution  of  a  single  coil 

i   In  III.  i.  i-.,  a  field  having  two  poles, 
f.     \\  hat  is  an  alternation? 

ii  alternation  represents  the  change  in  a  cur- 
lurmg  one-half  of  each   revoluti (  the  coil,  anil 

one  cycle  is  composed  of  two  alternations. 

j.     What  is  frequency? 

i.     The  number  of  cycles  occurring  per  second  is 

lated  as  the  frequency, 

J.     How  is  the  frequency  obtained:' 

..     Multiply  the   number  of  revolutions  pel    second 

e  number  of  pair  of  poles. 

|.     How  are  alternators  classified? 

,.     With    respect    in   the   character  of   the  current 

levelop.  viz..  single  phase,  two  phase,  three  phase. 

hasc  or  multiphase  machines 

».     Upon  whal  does  the  character  of  the  current  de- 

nd? 
..     Entirely    upon    the    armature    winding. 
'.     What  is  the  difference  between   the  armature 

!  ;i  single,  two  and  three  phase  machine '' 
With  a  single  phase  machine  only  about  one- 
f  the  surface  of  the  armature  is  wound.  Should 
titional  winding  In  placed  on  the  armature  in  the 
left  vacant,  then  two  separate  and  distinct  cum  nl 
!  supplied  over  the  same  circuit  at  the  same  time. 
ie  machine  then  becomes  a  two  phase  alternator. 

:    Still    another    winding    be    placid    upon    the 
ire  between  the  above  two  coils,  generating  ■  max 
M.   F.  when  the  other  coils  arc  not  cutting  the 
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lines  of  force,  then  it  becomes  a  three  phase  alternator 
o.    How  much  do  the  currents  delivered  b»  a  two 

and  three  phtse  machine  differ  in  phase? 

A.  By  go  degrees,  in  a  two  phase  machine,  while 
those  obtained  from  a  three  phase  machine  differ  by  iff 
degrees. 

Q,     How  are  the  two  sets  of  roils  placed  on  I 
phase  machin 

A.     They  must  he  so  placed  that  one  set  is  in  th< 
position  of  maximum  activity,  that  is.  under  the 
of  the  poles  at    the   instant   when  the   coils   of  the  other 
set  are  between  the  poles,  heiic.i  .  in  the  zero  position. 

Q.     In  a  two  phase  alternator,  when  the  circ- 
independent,  how  many  external  wires     and     collector 
rings  must  be  used? 

A.     Four  external  wires  and  four  collector  rings. 

Q.  In  a  three  phase  alternator,  when  the  winding! 
are  all  independent  of  each  other,  how  many  exlerail 
wires  and  collector  rings  must  he  used? 

A.  Six  wires  and  four  collector  rings  though  ml] 
three  collector  rings  arc  generally  used,  with  four  ex- 
ternal wires. 

Q.     Why  arc  alternators  always  made  multipolar? 

A.  So  that  the  armature  will  not  have  to  be  run  at 
a  dangerous  speed  in  order  to  obtain  a  sufficiently  high 
frequency. 

Q.     How  fast  would  a  bipolar  machine  have  to  be 
inn  to  obtain  a  frequency  of  45  cycles  per  second, 
is  the  least  frequency  on  which  incandescent    lam] 
be  satisfactorily  operated? 

A.  At  a  speed  of  2700  revolutions  per  minute, 
which  would  he  impracticable. 

Q.     How   fast   would   an  alternator  having  10  pair 
of  poles  have  to  he  run  to  have  a  frequency  of  45 
per  second? 
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A.     270  revolutions  per  minute. 

Q.  Are  alternators  made  with  stationary  armatures 
and  revolving  field  magnets? 

A.  Yes,  the  field  magnet  is  a  wheel  with  the  poles 
projecting  internally,  and  which  is  revolved  inside  of  the 
armature. 

Q.     What  other  type  of  alternator  is  there? 

A.    The  inductor  type. 

Q.     What  is  the  stator  of  a  machine? 

A.    The  stationary  shell  and  poles. 

Q.    What  is  the  rotor? 

A.     It  is  the  revolving  part. 

Q.     What  is  meant  by  self  induction? 

A.  They  are  induced  lines  of  force  created  by  pass- 
ing an  alternating  current  through  a  circuit.  These 
lines  of  force  form  loops  or  circles  around  the  wire,  ex- 
panding into  larger  and  larger  circles  as  the  exciting  cur- 
rent increases  in  strength,  until  the  current  finally  reach- 
es maximum.  When  the  exciting  current  begins  to  de- 
crease in  strength,  the  circles  decrease  in  size  until  they 
finally  vanish  when  the  exciting  current  is  zero.  As 
Ihe  current  alternates  throughout  the  circuit,  each  alter- 
nation produces  these  circles,  which  expand  in  and  out 
around  the  wire  as  the  current  alternates  back  and  forth. 

Q.  Are  these  induced  currents  or  circles  produced 
by  the  flow  of  a  direct  current. 

A.     No,  only  from  alternating  currents. 

Q.  Is  this  property  of  self  induction  from  alternat- 
ing currents  of  much  value? 

A.  Yes,  for  it  permits  the  transmission  of  large 
power  to  a  great  distance  safely  and  economically. 

Q.  Has  this  self  induction  any  objectionable  feat- 
ures? 

A.     Yes,  the  E.  M.  F.  generated  by  the  expansion 
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.iimI  i-i >ni raction  of  these  ciiclc%  or  In,  works 

in  opposition  to  the  K.  M,  F   of  the  dynamo,  ami  retard* 
Hi'    ilow  of  the  current. 

Q.     What  is  this  reactive  E,   M.  F.  eali 

A.     Tlie  inductive  K.  M.  P.,  or  the  inductance  of  the 
toil 

Q.     Does  not  this  inductance  increase  the  apparent 
resistance,  and  therefore  require  a  greater   E.  M.  F.  it 
the  terminals  of  the  circuit  than  would  be  the  case 
non-inductive  circuit? 

A.     Yes. 

What  is  this  additional  reliance  of  the  circuit 


Q. 

called? 

A. 

Q. 

A. 


The  reactance. 

What  is  the  impendance? 

It  is  the  combined  effect  of  the  reactance  anil 
the  ohmic  resistance. 

Q.  What  is  necessary,  therefore,  to  find  the  true 
or  real  value  of  an  alternating  cum  ■ 

A.     The  applied    E.   M.    F.  must  be  divided  1>\ 
impendance  of  the  circuit? 

Q.  Why  does  an  alternating  current,  and  not  a  di- 
rect current  permit  the  transmission  <>f  large  power  great 
distances? 

A.     By   the   use   of  a   transformer    wh  ends 

upon  induction. 

Q.     What  is  a  transformer,  and  hoi*  docs  it  act? 

A.  We  have  seen  that  when  an  alternating  current 
is  used  in  one  wire,  it  induces  a  current  in  an  adjacent 
wire,  this  induction  taking  place  only  during  the  peri>l 
of  an  increase  or  decrease  in  the  intensity  of  tlu  current 
A  transformer  is  simply  an  iri>n  core  of  thin 
winch  are  wound  two  sets  of  coils,  called  the  primary  an<l 
secondary  windings. 
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A  current  of  high  potential  sent  through  the  primary 
cofls  induces  a  current  of  less  potential  in  tin-  secondary 
coiL 

Q.     Does  this  change  the  E.  M.  !•'.? 

A.      11  ial,  or  primary  E.  M.  I',  is  not  changed, 

but  the  in  ines    created  by   the  primary  current 

<!   r    \i.  1-".  in  the  secondary  windings. 

Q.    Why  iv  tin   secondary  B  M    I'   lower  than  tin' 

ary  E.  M.  F.? 

A.  Because  tlierc  arc  fewer  turns  of  ns 'ire  in  the  sec- 
ondary than  the  primary  winding. 

What  determines  the  proportion  of  E.  M.  F.? 
V  The  product  of  the  number  of  wires,  the  flux 
wiwl  frequency.  As  the  frequency  and  flux  are  the  same 
for  both  windings,  the  difference  in  the  number  of  wires 
in  the  secondary  winding  alone  determines  whether  the 
E.  M.  F,  will  be  higher  or  lower  than  the  E.  M.  F.  of  the 
secondary   winding. 

Q.  Then  to  increase  the  primary  E.  M.  F.  what  is 
necessary  - 

A  I'lace  a  larger  number  of  turns  of  wire  on  the 
secondary   winding    Mian  on  tin-  primary  winding. 

Q.  Is  the  ratio  of  the  primary  to  secondary  E.  M. 
!■'.  then  the  same  a-  i lie  ratio  of  the  primary  to  the  sec- 
ondary turns  of  wire"' 

A.     Yea,  just   the  same. 

Q.  [f  the  primary  E.  M  I  was  1040  and  2080  volts, 
•thai  would  |,e  the  secondary  E.  M    F.? 

A.     52  and  104  volts. 

Q.     What  ratio  would  that  be? 

A.  20  to  1,  i.  e..  the  primary  winding  would  have 
aj  times  more  winding  than   the  secondary. 

Q.  What  determines  the  maximum  amount  of  cur- 
rent a  transformer  ran  stand? 
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A.     The  resistance  uf  the  winding  and  the  effective 

IKS  of  the  radiating  surface,  as  the  target   the  size  oi 

the  winding  and  the  greater  the  radiating  c,  tht 

i  tin-  amount  61  cui  n  nl  that  can  be  passed  throact 

iln   transformer  without  excessively  heating  it. 

Q.     What   ana  Of  wire  is  usually  allowed  per  am- 
pere of  current? 

A.     1500  circular  mils  per  ampei 

!  1   .What  rise  of  temperature  is  allowed? 

A.      About  <k>  degT(  <  i    lain 

(,).    How  is  overloading  of  a  transformer  prevented' 
A.     By  use  of  fuses  in  both  primary  and  secondary 
circuits, 

y.     How  are  transformers  connected  to  the 
A.     The  primary   coils  an-  usually  connected  pernu- 
ncntly   in  series,     while  the  sccoi:  oils  are  SO  »f 

ranged  that  they  maj   he  connected  either  in  ser 
parallel,  but  usually  in  parallel.      The  secondary  termi- 
nals of  a  transformer  may  be  considered  the  same 
terminals    of    a    dynamo. 

Q.    What  is  the  result  of  connecting  the  Becondaij 
coils  in  series? 

A.     It  gives   twice    as    jrea<    I'    \I.    P.    as   when  in 
parallel. 

Q.      Does   this  also  increase  the  output  in  watts  oi 
the  transformer'-' 

A.     No,  it  remains  the  same. 

Can  transformers  be  worked  together,  like  ih- 


Q. 
namos? 

A. 

o. 


Yes,    but    it    is    nut    economical. 
What  is  the  difference  between  a  step-up  and  1 
step-down  tr;  ier' 

A.     The  first  lowers  the  voltage,  while  the  secotul 
raises  it. 


STATIONARY  ENGINEERING.  953 

Q.  How  can  an  ordinary  step-down  transformer  be 
changed  into  a  step-up  transformer? 

A.  Simply  connect  the  secondary  winding  to  a  50 
or  1 10  volt  circuit,  and  the  primary  winding  to  another 
working  circuit.  This  would  step  the  voltage  up  from 
50  or  no  volts  to  1000  or  2200  volts. 

Q.  What  is  the  advantage  of  using  such  high  volt- 
ages in  transmission? 

A.  The  higher  the  E.  M.  F.  the  smaller  the  line  loss, 
because  the  current  or  amperage  can  then  be  less.  To 
reduce  this  loss  the  wire  would  have  to  be  heavier,  which 
would  greatly  increase  the  expense. 

Q.  Cannot  high  potential  currents  be  generated  on 
direct  current  machines? 

A.  Yes,  but  above  3000  volts  the  construction  of 
the  commutator  becomes  too  expensive,  and  it  is  also  ex- 
tremely difficult  to  obtain  smooth  commutation  at  such 
a  high  potential. 

Q.  Is  there  any  positive  and  negative  terminals  to 
an  alternating  current  apparatus? 

A.  No,  because  the  polarity  changes  several  thou- 
sand times  a  minute. 

Q.     What  is  polarity? 

A.  It  is  the  possession  of  poles  of  opposite  proper- 
ties. These  poles  determine  the  direction  of  the  flux, 
i  e.,  the  magnetic  lines  of  force,  which  determines  the 
polarity. 

Q.  .  Can  two  machines  be  worked  together  with  un-  • 
like  polarity? 

A.     No,  their  polarity  must  be  the  same. 
Q.    What  is  the  simplest  way  to  change  the  polari- 
ty of  a  machine? 

A,  Raise  the  brushes  and  throw  in  the  current  from 
the  other  machine.      The  flow  of  the  current  through  the 
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fields  makes  itic  polarity  of  the  two  machine::  xli < 

O.     What  is  the  difference  betwen  a  dynamo  and  a 

motor? 

A.     Practically  then-  is  none. 

Q.     Can  a  motor  be  used  as  a  dynamo? 
\.      S '■.--.  "i    '.  ice  versa. 

Q.  What  causes  the  armature  of  a  motor  to  re- 
volve. 

A.  The  outside  current  which  partly  magnetizes 
the  field  magnet,  the  remainder  of  the  current  magnetiz- 
ing the  armature,  the  two  magnetic  fields  thus  set  up  it- 
tract  each  other  thus  revolving  the  armature. 

Q.    Why  do  the  magnetic  fields  attract  each  other! 

A.     Owing  to  the  poles  being  unlike,  i.  e.,  th 
pole  will  attract  the  south  pole,  drawing  them  opposite 
each  other;  and  the  smith  pole  and  the  north  pole  trill 
at  the  same  time  attract  each  other  also  drawing  then 
to  each  other. 

O.  Now,  when  the  unlike  poles  are  opposite  cadi 
other,  will  not  the  armature  coim   to  test? 

A.     Yes,  were  it  not  for  the  commutator. 

Q.      What  does  it  do? 

A.  It  reverses  the  current  at  the  instant  the  unlike 
poles  ure  opposite  each  other,  so  that  the  north  poll  "' 
the  armature  become^  the  south  pole,  ami  ili<-  soutl 
the  north  pole,  which  make  two  like  poles  opposite  each 
other,  i.  e.,  the  two  south  poh  -  arc  opposite,  and  t'n 
north  poles  also  opposite  each  other,  and  as  like  p<  I  - 
repel  each  other,  the  armature  is  kept  moving  by  this 
repulsion  until  they  enter  unlike  magnetic  fields  when 
they  arc  again  attracted  to  each  other,  ami  in  this  wa) 
the  armature  is  revolve! 

Q.     A  motor  could  not  run  then  without  a  commuta- 
tor? 
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A.  No.  no  more  than  an  engine  COUld  run  without 
a  valve  to  reverse  the  steam  against  the  piston  at  tin- 
COd  pi  its  stroke.  Without  a  valve  the  engine  would 
stop  00  a  dead  center,  and  without  a  commutator  the 
motor  would  stop  when  the  magnetic  axis  of  the  commu- 
tator coincided  with  that  of  the  field  magnet  poles,  this 
being  the  dead  center  of  the  motor. 

(J.     What  determines  the  speed  of  a  BIQl 

A.  The  strength  of  the  field,  the  mmilicr  of  arma- 
ture wires  and  the  resistance  of  the  armature  circuit. 

Q,     What  is  meant  by  the  armature  resist  mi. 

A.  The  armature  wires  general!  fen  R  M  !•.  when 
they  cut  the  magnetic,  lines  of  the  field  |"i  CISCl]  ;r  in  a 
dynamo.  This  E.  M.  F.  is  opposed  in  direction  to  the 
line  E.  M.  1'..  i.  c,  the  outside  E.  M.  I  .  used  to  operate 
the  motor.  The  result  is  to  keep  tin  K.  M.  I',  down, 
and  this  reduces  the  amount  of  current,  which  in  turn  re- 
duces the  speed  of  the  motor. 

Q.  What  is  it  that  prevents  a  motor  from  running 
away  when  the  load  is  suddenly   taken  off  of  it? 

A.    The  E.  M.  I    generated  by  the  armature 

Q.     Is  the  motor   B.  M.   I',  always  equal   to   tin     I 
M.  F.  of  the  line,  minus  the  armature  k.  M     I     i.  ■ .,  the 
\olts  used   up  by   resistance  V 

A.     Yes. 

Q.     How  is  the  speed  of  a  motor  regulated? 

A.  In  two  ways.  The  line  E.  M.  F.  can  be  cut 
down  by  putting  resistance  in  series  with  the  armature. 
This  decreases  the  speed,  as  more  of  the  line  E.  M.  F. 
is  used  up  in  forcing  the  current  through  the  armature 
resistance.  The  speed  can  also  be  regulated  by  varying 
the  strength  of  the  field  magnets,  as  this  varies  the  back 
E.  F.  M.  of  the  motor. 

Q.     What  is  the  effect  of  strengthening  the  field  ? 
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A.     It  reduces  the  speed  of  the  motor. 

Q;    \\  ii.it  effect  baa  reducing  tin-  ttreni 
.  field  V 

A.     It  increases  the  speed  of  tlie  motor. 

Q.     How  is  the  speed  most  generally  regulated? 

A.  By  means  of  a  rheostat,  in  series  with  the  aroa- 
ture. 

Q.  Is  a  "starting  box"  or  rheostat  the  same,  and 
how  is  it  operated? 

A.     Yes,  the  same.       Its  resistance  coils  arc  in  ■> 
ries  with  the  armature.      As  the  motor  gains  gpe 
are  cut  out  of  the  armature  circuit. 

Q.    On  starling  is  all  the  resistance  cut  in  tli 
ing  box? 

A.     Yes.  and  reduced  as  the  motor  gains  speed 

Q.  Should  the  current  exceed  a  certain  strength 
what  will  happen? 

A.     A  magnet  will  automatically  open  the  i 

Q.     When  the  current  ceases  what  takes  pli 

A.  A  magnet  releases  the  regulating  lever  on  tht 
starting  box,  and  it  is  pulled  back  to  the  starting  point 
by  a  spring,  thus  automatically  throwing  in  all  the  re- 
sistance as  required  when  again  starting. 

Q.  Why  is  the  release  magnet  connected  in  ihe 
field  circuit? 

A.  To  protect  the  motor  not  only  in  the  event  «' 
trouble  in  the  line  current,  but  also  any  interruption  «' 
the  current  through  the  field  circuit. 

Q.  Have  all  starting  boxes  both  the  "no  current' 
and  "overload"  release? 

A.  No,  many  of  them  have  only  the  "no  current' 
release.       Moth  safety  devices  should  always  be  used 

Q.  Do  direct  current  motors  have  scries,  shunt  tad 
compound  filed  windings  the  same  as  dvnamos? 
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A.     Yes,  ami  for  the  same  purpose*. 

Q.  l.>  the  speed  <>f  constant  potential  motors  con- 
stant? 

A.  Almost  constant.  The  speed  would  be  con- 
stant if  there  were  no  armature  resistance. 

Q.  Why  do  some  motors  have  compound  filed 
windings? 

A.     In  order  to  maintain  a  very  even  speed. 

Q.  How  is  the  series  winding  connected  on  such 
motors  ? 

A.     So  as  to  demagnetize  the  field. 

Q.     How  is  a  motor  reversed? 

A.  By  changing  the  connections  between  the 
rushes  and  the  terminals,  leaving  the  field  connections 
unchanged. 

Q.  Into  what  two  general  clases  are  alternating 
current  motors  divided? 

A.     Into  synchronous  and  induction  motors. 

Q.     How  are  these  two  classes  further  subdivided? 

A.     Into  single  phase  and  poly  phase  motors. 

Q.  What  is  the  difference  betwen  synchronous  and 
induction  motors? 

A.  There  are  two  principal  distinctions.  A  syn- 
chronous motor  has  its  field  excited  from  a  direct  cur- 
rent source,  while  its  armature  takes  current  from  an 
alternating  current  line.  An  induction  motor,  on  the 
contrary,  has  its  field  supplied  from  an  alternating  cur- 
rent circuit,  but  its  armature  is  not  connected  to  any 
source  of  supply,  the  currents  in  it  being  induced. 

Q.  Which  of  these  types  of  a  motor  are  exactly  sim- 
ilar to  an  alternator? 

A.     The  synchronous  motor. 

Q.     Are  the  two  interchangeable? 
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.in'    i-.  iii  ■  In  i  ;i.-.  i  .1  direct  current  o 
il.iini  .s  .-Hid   motors. 

Q.    Mu-t  tin-  fields  of  a  synchronous  motor  l« 
arately  excited,  like  an  alternator':' 

A.     Yes. 

Q.     What    is    the  objection  to  alternating  curr 
motors  ? 

A.     The  difficult)   in  starting  up  under  load. 

Q.     How  are  synchronous  motors  started? 

A.     By  use  of  a  small  induction  motor,  of  about  i- 
capacity  of  the  larger  motor. 

Q.     How  are  induction  motors  usually  started? 

A.     By  means  of  an  autotransfonner  or  com 
tor,  which  reduces  the  heavy  starting  current, 
the  motor  is  up  to  speed,  the  compensator  is  cut  out 
the  motor  then  connected  directly  to  the  line  current 

Q.    What  determines  the  difference  in  the  phase 
iiMlors? 

A.    The  division  of  the  field  or  stator  Coils  into 
two  or  three  groups. 

Q.  What  then  is  the  difference  between  a  two 
phase  and  a  three  phase  mot 

A.  The  field  coils  of  a  three  phase  motor  arc  di- 
vided into  three  equal  groups  instead  of  only  two  groups, 
as  in  a  two  phase  motor. 

Q.  Docs  the  arrangement  of  the  field  coils  of  such 
motors  correspond  with  the  arrangement  of  the  armature 
coils  of  alternators? 

A.  Yes,  a  one,  two  or  three  phase  alternator,  eaa 
be  used  interchangeably  as  a  one.  two  or  three  phase 
synchronous  motor  as  the  case  may  be,  by  simply  chant- 
ing connections  so  as  to  supply  the  armature  with  tie 
same  kind  of  current. 

Q.     What  is  a  rotary  converter? 
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It  is  a  direct    current    machine   pi>>\  nk-d   with 
lor    tini;-.   ;m<]    brushes   tin-   same   a>  an   alternator, 
addition  to  the  usual  commutator  and  brushes  of  a 
ect  current  machine. 
Q.     What  is  its  purpose? 

A.     It  is  used  to  change  an  alternating  current  into 
direct  current,  or  a  direct  current  into  an  alternating 
irrcnt.  but  usually  to  convert  an  alternating  current  in- 
a  direct  current. 
Q      How  is  it  done? 

A.     An  alternating  correal   i-  supplied  to  the  arma- 
^rt  through  the  collector  rings,  and  the  machine  runs 
nchronous  motor,  and  the  field  magnet  i<  excited 
the  brushes  ""  the  commutator  which  deliver  a  di- 
Ptt  current. 

Q.     How    i>    a    direct  current  changed  into  an  al- 
^rnating  current:" 

A.      By  supplying  the  machine  with  a  direct  current 
jyro[xr  voltage,  it  is  made  to  run  as  a  direct  current 
otor.  and  it  will  deliver  single  phase  alternating  cur- 
Ws  through  the  collector  rings. 


CHAPTER  XXXIII. 
THE  STEAM  TURBINE. 

Principle. — The  principle  upon  which  the  steam  tur- 
bine acts  is  the  simplest  employed  in  I  m  of  prime 
mover.  In  fact,  owing  to  its  extreme  simplicity,  tb 
turbine  was  known  120  years  before  the  Christian  era. 
;il". 111  which  \t-:ir  Heron  of  Alexandria  constructed  what 
died  his  whirling  Eolipile.  While  it  mi  a  most 
crude  device,  ii  embodied  all  the  fundamental  principles 
Of  the  reaction  turbine  of  the  present  day. 

Av  seen  from  Fig.  198.  the  eolipile  consisted  oil 
hollow  Sphere  mounted  on  trunnions,  one  of  which  wi> 
made  hollow  for  admission  of  steam.  The  sphere  Ml 
rotated  by  the  reaction  of  the  steam  [lowing  from  t«"> 
diametrically  opposite  nozzles  with  bent  ends. 

While  no  practical  work  was  accomplished  by 
turbine,  it  was  the  first  known  steam  engine. 

Not  until  the  year  1629  was  there  any  further  effort 
to   produce    a   practical    steam    turbine.        In    that   \t»r 
Branca  published  in  Rome  a  description  of  his  impuli* 
wheel  or  turbine.       As  seen   from    Fig.  j«)q.  a  bl 
steam  was  made  to  imping  against  the  flat  blade 
large  wheel  which  was  connected  by  cog  win 
crude  stamping   mill.       The   impulse   or   momentum  of 
the   steam    upon    the   blades   was   sufficient    even   in  thic 
crude  device  to  perform  useful  work 

While  the  mechanical  operation  of  these  two  device* 
was  extremely  simple,  the  thermodynamic  laws  which 
entered  into  their  constructs  .1  were  wholly  misunder- 
stood. 

It  was  not  until  the  year  1883, lli;"  ,,K'  principle* 
covered  by  Branca,  were  put  into  (ful  open 

In  that  year  Gustaf  De  Laval,  a  utist.  pro- 
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duccd  tin-  finsl  practical  steam  turbine,  in  which  turbim 
those  principles  di  d  by  Branca  were  succea 

applied. 

A  sectional  view  of  the  De  Laval  turbine  is  shown  in 
Fig.  301.  It  consists  ol  b  simple  turbine  wheel  cat 
otx-  row  of  buckets  mto  which  the  steam  is  discharged 
in  jets  at  their  highest  possible  velocity.  The  extreme 
|j  high  velocitj  is  obtained  by  using  divergent  nozzle1, 
that  is.  nozzles  tapered  so  as  to  increase  their  cross-see- 
tional  area  toward  the  outlet  end  of  the  nozzle,  thus 
permitting  the  steam  to  he  fully  expanded  before  leaving 
the  nozzle,  thereby  giving  ii  the  highest  possible  1 

In  consequence  of  this  high  velocity,  the  whole  avail- 
able energy  of  the  Steam  is  transferred   into  kinetic  rv 

ergy. 

It  was  owing  to  not  understanding  how  to  utilize 
the  energy  of  steam,  that  the  Branca  turbine  was  a  fail- 
ure. 

To  understand  the  steam  turbine  it  is  first  nccc- 
to  fully  understand  the  properties  of  a  steam  jet.  which 
requires  some  little  knowledge  of  thermodynamics.  By 
thermodynamics  is  meant  that  branch  of  the  theory  of 
heat  that  treats  of  the  relations  bet  wen  heat  and  mechan- 
ical work. 

The  mechanical  construction  of  any  steam  tut' 
is  in  itself  mosl  simple,  but  the  laws  governing    the  flow 
of  --team  through  nozzles,  have  only  recently  been  full) 
determined. 

Steam  Jets. — The  fundamental  principle  in  any  eco- 
nomical steam  motor,  whether  turbine  or  piston  engine, 
is  the  utilization  of  the  expansive  force  of  the  steam 
While  this  expansive  force  was  recognized  by  James 
Watt  as  early  as   178.'.  in  which  year  he  was  granted  a 
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Parallel  Nozzle,  showing  Lateral  Expansion  or  the  Steam. 
Fig.  300— (1). 


Diverging  Nozzles. 
Fig.  300— (2). 
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patent  for  Its  utilization  in  the  igiw.ii 

applied  only  to  tilt  static  force  o  indin; 

behind  a  piston,  and  not  ti>  the  kinetic 
ployed  in  the  steam  turbi 

l'.v  static  pressure  is  meant  pressure  in  equilibrium, 
such  ;is  tlie  steam  pressure  in  a  boiler  which  is  a  Fi 
equilibrium  so  long  as  it  is  confined  in  the  boiler!  bal 
takes  the  form  of  kinetic  energy  upon  flowing  through 
the  pipes.  Kinetic  energy  is  therefore  the  energy  of  i 
moving  body,  and  is  always  equal  to  the  product  of  one 
half  its  mass  into  the  square  of  its  velocity. 

As  steam  can  do  no  work  without  expansion,  and  a* 
the  steam  turbine  derives  its  power  from  the  kinetic 
energy  of  the  expanding  steam,  it  can  readily  be  seen 
that  the  first  essential  of  a  successful  steam  tuil 
the  proper  expansion  of  the  steam  to  produce,  not  statk 
force,  as  in  the  piston  engine,  but  kinetic  energy  in  the 
form  of  high  steam  velocity. 

The  efficiency  of  a  turbine,  therefore,  depends  upon 
tlie  velocity  of  the  flowing  steam  which  is  often  a 
as  3000  or  4000  feet  per  second,  and  this  velocity  depend 
upon:   (l)   the  difference  between  the  initial  or     boiler 
pressure  and  the  discharge  or  exhaust  pressure  of  steam ; 
and,  (2)  upon  the    shape  of  the  orifice 
which  the   steam   is  discharged. 

It  is  only  in  the  last  few  years  that  it  has  definitely 
been  determined  how  much  the  shape  of  the  m/zlc  ha* 
to  do  with  the  velocity  or  flow  of  the  steam.  It  is  most- 
ly due  to  this  lack  of  knowledge  that  the  deirlopmecl 
of  the  steam  turbine  has  been  so  slow. 

Jt.  has  recently  been  ascertained  that  the  maximun: 
flow  of  steam  through  a  rounded  nozzle,  such  as 


: 


in  Fig.  300 — fi)  is  1500  feet  per  second,  irrespective  of 
the  discharge  pressures.     When  the  discharge  pres*ar« 


/D/V£~rt<7//VG   /K«ZZ£ 


/fouA/o    o/f/r/c£. 


Types  of  Steam   Nozzles,  showing   shape  of  Steam  Jets. 
Fig  300— (3). 
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falls  below  58  per  cent  of  the  initial  pressure,  no 
velocit)  ran  be  obtained  through  such  3  1 
even  *if  the  jet  discharges  into  a  vacuum,  since 
inertia  of  the  steam  itself,  and  not  the  outside 

which  is  holding  it  hack.     This  is  due  to  no  further  ex- 
pansion taking  place  within  the  nozzle,  but  onlj 
outside  <>f  the  nozzle  in  a  laterally  direction. 

This  lateral  expansion  adds  nothing  to  the 
of  the  steam,  as  it  does  BOl  assist  in  forcing  the  panicle 
of  Steam  ahead,  making  room  for  the  particles  behind, 
which  energy  of  the  steam  gen  city. 

In    I  Ig,  300-(i)   is  shown  the  initial  pressure  of  th 
steam  as  compared    with   the   pressure   within   the  thr 
of  an  orifice  or  nozzle  with  parallel  side 

Vanes  or  Buckets. — Next  in  importance  ii>  tl. 
Of  the  Steam  nozzles,  is  the  shape  ol  the  surface  again 
which  the  steam  jet   is  made  to  imping. 

In  the  first  turbines  constructed  flat  vanes  were  used, 
hut  it  soon  became  evident  that  there  was  a  great  loss 
in  the  energy  of  the  steam,  for  while  the  of  the 

impulse  or  impact  of  the  steam  against  the  Hat  surface  1 
the  vane  could  be  utilized,  the  force  of  the  reaction  WSJ 
entirely   lost. 

It  was  found  thai  where  a  curved  surface  wti 

and  the  steam  turned  hack  upon  itself  through  an  an 
of  180  degrees,  that  the  two  forces  of  action  and  reacts 
were  then  made  to  act  in  the  same  direction,  and  the 
entire  energy  of  the  Steam  was  then  available, 
principle  was  first  employed  in  the  Pelton  Water  wheel 
as  shown  in  Fig.  300,  in  which  can  he  seen  the  curved 
buckets,  and  the  course  of  the  jet  of  water  made  to  flow 
back  upon  itself. 

The  Pelton  wheel  is  therefore  a  simple  impulse  wheel 
by   which   is  meant   that  both  the  forces  of  action  and 
reaction,    which    force-    are    always    equal,    arc    full 
lized,  less  the   frictional   resistance. 

Such  vanes  or  buckets  were  first  employed  hv  De 
Laval  in  his  steam  turbine,  and  hence  it  is  known  as  a 


L  &y/\y&J.:;° 


tv/rre/f  w»££l 


Si/cK^r 


•s£/*/7/?/rre£>  jar  tveoGs  Buc^rer. 

The  Pelton  Water  Wheel. 
Fig.  300. 
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simple  impulse  steam  turbine,  differing  only  from  tbe 
Pclton  water  wheel,  in  that  De  Laval  used  divergent 
Ste»m  nozzles  instead  of  a  parallel  nozzle  as  employed 
by  Helton. 

Upon  the  shape  of  the  vane  or  Made  depends  the 
amount  of  the  steam  energy  t',a<  can  be  Utilized. 

As  we  have  seen,  should  the  vane  or  blade  be  » 
curved  as  to  change  the  course  of  the  flow  of  the  steam, 
making  it  How  hack  upon  itself  in  a  parallel  di: 
then  both  the  momentum  ol  th<  impulse  and  the  force  ot 
the  reaction  is  utilized,  and  it  is  purely  an  impulse  tur- 
bine. 

Now,  should  the  vanes  or  blades  be  only  partially 
Curved,  so  as  not  to  be  symmetrical,  not  changing  the 
course  of  the  Steam  SO  as  to  Bow  back  upon  itself  a* 
above  explained,  then  the  force  of  the  reaction  of  the 
steam  alone  is  utilized,  which  causes  .1  loss  in  the  Kinetic 
energy  or  velocity  of  the  steam.  When  such  vat 
blades  are  used,  with  other  changes  later  explained,  the 
turbine  is  called  a  reaction  turbim 

Progress. — Mr.   Parsons  produced  in    1884.  the  first 
commercial  reaction  turbine.  It  developed  10  horse 
and  ran  at  18.000  revolutions  per  minute.     With 
at  92  pounds  pressure  and   running   non-condensi 
consumed  but  35  pounds  of  steam  per  horse-power  hour 
In  1R88.  he  built  a  50  horse  power  turbine  running  at  i 
speed  of  7,000  revolutions  per  minute,  and  soon  after. 

■  of  200  horse-power  running  at  4.000  revolutii  , 

minute.      This  machine  gave  results  in  steam  e© 
comparing  favorably  with  those  then  obtained  with  good 
piston  engines. 

Description  of  Modern   Steam  Turbines. — The  fol- 
lowing description  is,  of  the  three  most  successful  tur- 
bines in  this  country,  each  of  these  turbines  havil 
own  field  in  which  the  reciprocating  engine  cam 
pete,  but  no  stationary  engineer  need  fear  that  the  steam 
turbine    will    ever   replace    the  Qg    eugU) 

eliminate  its  use  in  any  known  field  of  work. 
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QUESTIONS  AND  ANSWERS. 

Q.     What  was  the  first  steam  engine? 

A.     A  steam  turbine. 

Q.     Who  invented  the  first  steam  turbine? 

A.     Heron  of  Alexandria  about  the  year  120  B.  C. 

Q.     Describe  it? 

A.  It  was  a  reaction  turbine  consisting  of  a  hollow 
'here  mounted  on  trunnions  through  which  steam  was 
Imitted  to  the  interior.  The  steam  escaped  through 
pes  bent  tangentially  to  the  sphere,  as  shown  in  Fig. 
>8.  The  force  of  the  escaping  steam  reacted  upon  the 
)here,  causing  it  to  revolve  on  its  trunnions,  hence  it 
as  called  a  reaction  turbine. 

Q.  Who  invented  the  next  known  type  of  steam 
irbine? 

A.     Branca,  in  the  year  1629. 

Q.     Describe  it? 

A.     It   was   an   impulse  wheel,   in   which   a  jet   of 

earn  impinged  upon  the  flat  vanes  of  a  wheel,  as  shown 

Fig.  299.     The  dynamic  pressure,  or  impulse,  of  the 

earn  caused  the  wheel  to  rotate,  hence  it  was  called 

1  impulse  turbine. 

Q.  What  is  the  difference  between  an  impulse  and 
action? 

A.  An  impulse  is  the  momentum  given  a  body  in 
forward  direction  by  some  other  body  striking  it ; 
hile  reaction  is  a  force  acting  in  a  backward  direction 
lative  to  the  impulse. 

Q.  Is  the  impulse  and  reaction  always  equal  and 
opposite  directions? 

A.     Yes. 

Q.  Can  impulse  and  reaction  be  made  to  act  in 
e  same  direction  so  as  to  assist  each  other? 

A.     Yes,  by   using  a   curved  surface,   so   that   the 


the  central  point  of  the  ci 
Force  is  the  reaction  o)  th 
I«-t    Starts  I"  flow  backwar 

Q.    In   whai   dei  ici 
ployed  2 

A.     In   the  Pelton  wa 

Fig.  30a 

Q.    Arc  the  essential 
turbines  the  same? 

A.  Yts,  with  two  c: 
mii-i  be  made  in  the  stes 
heat  energy  of  steam  intt 
energj  of  motion,  and,  1  a 
adapted  to  the  much  high* 

Q.      What  is  the  chief 

any  form  >'i  steam  turbine 
A.     The   changing   0 

the  Bowing  steam. 

Q.     What  is  the   fiinc 

nomical  steam  motor,  wh< 

A.     The      utilizing  o 
itl  ;im, 

(v>,    Was  the  princip 
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SQ,    Had  the  expansive  force  of  steam  been  utilized 
reciprocating  engine  previous  bo  tin-' 
A.     Yes,  by  James  Watt  in  the  year  1782. 

Q,     >ince  the  year    17S.'  ha-,  there  been   ;m\    impor- 
tint  thermodynamics!  improvements  in  the  reciprocating 

A.     Only    one.    the   introduction  of  compound    cx- 
|   -:  m. 

Q.     Prom    H  li.it   does   tne   reciprocating   engine  de- 
ne its  power? 

Prom  the  static  force  of  the  steam  expanding 
iod  a  piston, 

(J.     Prom   what    does  the  steam  turbine  derive   its 
)ower? 

V.     Prom      the   kinetic    energy    of     the    expanding 
(team. 

Q.     What  docs  the  expansion  of  the  steam  produce 

reciprocating  engine? 
A.      It  produces  a  force  which  pr<  BBSS  "ii  the  piston. 
\\  hat  docs  the  expansion  of  the  steam  produce 
I  the  turbi 

A.     It  produces  velocity  in  a  jet  of  steam. 
!  [1  >\\  great  is  this  velocity  ? 

<  "fteil    from    3.OOO    to   4.001)    feel    pel    second,    that 

«.  35   U)   45   miles   per   minute. 

Q.     Upon  what  'lues  the  velocity  depend? 
A.     Upon    the    difference    between    the    initial    and 
discharge  steam   pressures,  and  upon   the  shape  of  the 
or  nozzle  through  which  tin-  -.team  1-  discharged. 
O.     What  is  the  maximum  flow  of  steam  through  a 
!  orifice,  sueh  as  shown  in  l*ig.  300-    111? 
1,500   feel    per   see. .ml.   irrespective   of   the    dif- 
ference of    the   initial    and    discharge   pre  This   is 
whenever    the    exhaust    pressure   bears   a    ratio  of 
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58   per  cent   to   the   initial    pressure,   called    the  critical 
arc,  which  applies  to  all  non-expanding  nozzles 

y.    Why  is  tlii^  true? 

A.     Kecause  the  steam  is  free  to  expand  in  all 
rections.   hence   it-   energy    is   dissipated,    producing  no 
velocity. 

In  consequence,  the  particles  of  • 
the  orifice  hold  back  other  particles,  thus  decreasing  the 
velocity  of  discharge. 

Q.     How  can  this  trouble  be  overcome 

A.  By  the  use  of  a  diverging  nozzle  as  shown  in 
Fig.  300 — (»).  In  such  a  nozzle  the  steam  expands  to 
the  lower  pressure  within  the  nozzle  itself,  causi:. 
steam  to  be  discharged  in  the  form  of  a  solid  cylindrical 
jet.  equal  in  diameter  to  the  outlet  diameter  of  the 
nozzle.  This  permits  the  steam  to  escape  at  the  veloci- 
ties the  succeeding  expansions  will  give  it. 

Q.  Upon  what  then  does  the  velocity  of  the  steam 
yet  depend? 

A.  I'pon  the  number  of  expansions  given  it.  thai 
is,  the  energy  and  not  upon  the  pressure  in  the  boiler. 

Q.     What   i>    it    that   prevents  all    the   steam   in  a 
boiler   escaping  at  once  upon  any   valve  on   the  boi1 
being  opened? 

A.     The  inertia  of  the  steam,  that  is,  its  incHtU 
to  remain  in  its  present  state  or  condition. 

Q.  Docs  it  take  energy  to  set  steam  to  Sowing 
through  a  pipe,  a  valve  or  any  oilier  orifice? 

A  Yes,  just  the  same  a*  it  does  to  get  any  ma^ 
in  motion  when  it  is  ;ii    n  --I 

Q.     Can   greater   expansion    be   obtain) 
steam  in  the  reciprocating  engine,  or  the  -team  turbine? 

A.  In  the  steam  turbine.  With  the  best  reciproca- 
ting engines  the  steam  is  not  expanded  more  than  10 
times,  while  with  the  -tram  turbine  100  expansions  art 
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not  uncommon.  To  obtain  as  many  as  20  expansions, 
the  low  pressure  cylinder  of  an  engine  must  be  made  of 
enormous  size,  while  to  obtain  100  expansions  in  the 
steam  turbine,  it  is  only  necessary-  to  make  a  slightly 
different  nozzle,  or  add  two  or  three  more  rotars  or 
wheels. 

Q.  Into  what  two  general  classes  may  both  water 
and  steam  turbines  be  grouped) 

A.  Into  impulse  and  reaction  turbines.  This  classi- 
fication is  not  strictly  correct,  as  all  practitcal  turbines 
are  operated  both  by  the  action  and  reaction  of  the 
working  fluid. 

Q.  Do  the  modern  types  of  steam  turbines  differ 
essentially  from  the  Heron  and  Branca  turbines? 

A.  No.  they  are  but  the  prototypes  of  these  first 
two  turbines. 

Q.  What  were  the  principal  defects  in  the  Heron 
and  Branca  turbines? 

A.  No  proper  provision  was  made  for  the  expan- 
sion of  the  steam,  also  improper  construction  of  the 
blades;  therefore,  but  little  of  the  heat  energy  of  the 
steam  was  converted  into  kinetic  energy. 

Q.  What  are  the  two  chief  requisites  for  a  suc- 
cessful steam  turbine? 

A.  As  much  of  the  heat  energy  as  possible  must 
be  converted  in  kinetic  energy,  and  this  kinetic  energy 
then  utilized  in  an  efficient  manner.  Second,  the  turbine 
must  be  capable  of  perfect  speed  regulation  without  a 
loo  great  loss  of  efficiency. 

Q.  Who  first  embodied  these  requirements  in  a 
practical  steam  turbine? 

A.  Gustaf  De  Laval  in  the  year  1883,  and  C.  A. 
Parsons  in  the  year  1884. 

Q.  What  are  the  fundamental  principles  of  the 
De  Laval  steam  turbine? 
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A.     This  turbine  is  purely  an  impulse  turbn 
sitting  of  a  single  turbine  wheel,  carrying   one  I 
buckets,    to    which    the   steam   is    delivered    tn    free  JHi 
at  the  highest  possible  velocity. 

The  steam   is   discharged   from   stationary   nozzle. 
so  tapered  us  i"  increase  their  cross-sectional  ar< 
ward  the  outlet  end  of  the  nozzle,  and  so  constructed 
that  the  steam  is  fully  expanded  down  to  the  pressort 

in   the   exhaust   chamber  of   the   turbine   before   it  leave 

the    nozzle.      In     consequence     Of    the     extremely     high 

itj  so  given  the  steam,  its  whole  available  a 

i-  fully  transferee!  into  kinetic 

Q.     What   are   the    fundamental    principles    ut  the 

I  'a  is.  ins  -lea in  turbine? 

\.     This   turbine  is  called  a  reaction   turbine,  bat. 
in  fact,  is  a  combination  of  the  impulse  and  reaction  prin- 
ciples;  no   nozzle    is   employed,   but    then    are   alternate 
rows  of  stationary  guide  vanes  as  shown   in    |-'ig    jij 
The  strain  Rows  between  a  fixed  row  of  directing  blades 
which  serve  the  purpose  of  steam  nozzles,  and  a  revolv- 
ing row  of  similar  blades,  the  revolving  rows  of  blade 
acting  both    in    the   capacity    of   buckets  and    no 
the  same  as  in  a   reaction  turbine.      Instead  of  the  Steam 
being  expanded  within  divergent   nozzles,  M   in  the  Pi 
Laval   turbine,   tin-   steam   progressive!)    increases 
the    inlet  to  the  exhaust   in  the  annular  space  I" 
the    rotating   spindle    and    the    cylinder   of    the    walU   d 
the  turbine.     The  entire  expansion,  which  is  almosl  en 
tirely  adiabatic.  i.  e.  no  heat  is  taken   in 
by  the  steam  cycle,  is  carried  out   within   this  annular 
compartment,   which   is   exactly  similar  to  a  simple  (li- 
en!  steam  nozzle,  such  as  is  employed  in   lb 
Laval  turbine,  as  shown  in  Fig.  301. 

(_).     What  then  arc  the  essential  differences  in  tlv 
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princi|  operation  of  the   De   Laval  and   Parsons 

turbines? 

V  In  the  Di-  Laval  turbines  the  total  available 
power  of  the  steam  is  used  Lit  a  single  set  <>f  nozzles 
in  which  all  expansion  takes  place,  therefore  the  steam 
[g  discharged  at  its  highest  velocity  upon  striking  the 
buckets.  As  the  buckets  are  made  of  the  Pelton  type, 
i  complete  reversal  "f  the  jel   takes  place,  the  spent 

in    issuing    from    the    buckets    Without    any    velocity. 

n  this  way  the  entire  heat  energ)  of  1 1 » < ■  steam  is  traris- 
fered  into  kinetic  energy  at  the  instant  it  strikes  the 
backets 

in  the  Parsons  turbine,  on  the  contrary,  the  steam 
is  expanded  within  the  turbine  itself,  and  in  successive 
01  steps,  the  pressure  being  reduced  a  small 
1 1  step.  The  area  of  the  passages  between 
the  fixed  and  rotating,  buckets  increases  progressively 
ta  correspond  with  the  expansion  of  the  steam  as  it  is 
its  'I  "ii  the  succcssii  i    disks. 

Q.     What    arc    the    fundamental    principles    of    the 
Curtis  steam  turbine? 

A      1  lii*  turbine  is  a  combination  of  the  De  Laval 
and  Parsons  turbines,     In  order  to  reduce  the  high  steam 
velocities,  the  total   velocit)    is  sub-divided  among  sev- 
.1  stages  or  is  compounded.     In  the    Curtis  turbine  two 
or  more  stages  are  employed  to  carry  out  the  total  range 
oi  expansion  from  the  boiler  to  tin    condenser.     Each 
Ige    comprises      a    set    of   expanding      nozzles,    similar 
1    Laval  nozzles,  and  a  wheel  carrying  more  than 
ne    row    of  buckets,    similar    to   those   of   the    Parsons 
turbine.      The    steam    in    each    stage    is    alternately   ac- 
celerated in  the  nozzles  and  retarded  in  the  blades. 

In   Pig,  309  is  shown  a  diagram  of  the  nozzles  and 
kets  in  'In--  turbine. 
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Q.  How  does  the  speed  o!  the  De  Laval  turbine 
compare  with  other  steam  turbines? 

A.  In  the  Dc  Laval  turbine  the  Dumber  or  revo- 
lutions vary  from  10,000  per  minute  for  their  larger 
sizes  to  30.001  per  minute  for  their  smaller  sizes.  This 
speed  is  reduced  to  about  one-tenth  mi  the  main  shah 
by  means  of  accurately  cut  spiral  gears. 

As  tin-  Parsons  turbine  is  not  purely  a  reaction 
wheel  <>r  purely  SB  impulse  wheel,  the  speed  is  not  ex- 
cessive as  in  the  De  Laval  turbine,  but  to  accomplish 
this  reduction  in  -peed  an  immense  number  of  blade* 
must  be  used. 

There  arc  about  3,000  buckets  in  a  1 'arsons  tur- 
bine to  only  350  buckets  in  a  De  Laval  turbine  ol 
the  same  size.  In  a  400  K.  W.  Parsons  turbine  there 
are  58  rows  each  of  guide  and  wheel  vanes,  or  It6  row.' 
in  all.  aggregating  about  30.000  blades. 

This  turbine  operates  at  speeds  from  750  to  3^600 
revolutions  per  minute,  no  reducing  gear  being  used. 

In  the  Curtis  turbine  owing  to  the  compounding  01 
the  steam,  the  energy  of  the  steam  is  utilized  with  » 
comparatively  small  number  of  blades,  and  the  speed 
consequently  so  reduced  that  reducing  gear  is  unneces- 
sary. 

Q.  What  advantage  has  the  steam  turbine  over  Uk 
reciprocating  engine? 

A.  Compactness,  and  the  absence  of  all  internal 
lubrication  and  all  vibration. 

Q.     What  are  its  greatest  disadvantages? 

A.  The  necessity  of  maintaining  a  high  vacuum,  and 
the  difficulty  in  speed  regulation  without  loss  of  ef- 
ficiency. 

Q.  What  vacuum  is  necessary  for  the  economical 
operation   of  all   types   of   steam    turbine? 

A.  28"  of  vacuum,  which  corresponds  to  one  pound 
absolute  pressure. 
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Q,  Why  is  a  vacuum  so  necessary  f'>r  the  economi- 
cal operation  ..i  all  steam  turbii 

A.  To  allow  as  many  expansions  as  possible  be- 
tween tli<:  initial  oi  boiler  pressure  and  the  discharge 

\hatist  pressure.  Also,  t"  reduce  the  windage,  which 
windage  always  oilers  considerable  frictional  resistance 
t-.  the  high  speed  at  which  turbines  must  be  run. 

Q.     Is  it   practical    to  use  belting  with   steam   tin 
bint 

A.    No,  owing  t"  their  high  rotative  spt 

o.  What  system  of  direct  driving  is  therefore  used 
in  the  .-.pi  ration  of  electrical  generators  by  steam  tur- 
bine 

pari    Of    the   generator   i<    bolted 

ot  keyed  direct  t<<  the  turbim 

Q.  K  it  necessary  to  modify  the  design  of  tarbine 
driven  generators? 

A.  Vi>,  as  the  voltage  of  a  generator  depends  in 
three  factors,  viz:  (i)  the  speed  oi  revolution,  (2)  the 
flux.  (3)  the  number  ..i  turns  in  son.-  on  the  armature. 
As  the  turbine  speed  is  so  excessive,  the  armature  must 
be  made  much  smaller,  and  the  field  of  the  simple  bipolar 
greatly   reduce!    the  size  of  generators. 

Q.  What  is  now  adopted  as  the  standard  for  tur- 
binc  driven  generators? 

v    Two  frequencies:  twenty-five  cycles  per  second 
:<>r    railway    and    power    service,    and    Bixtj    cycles    per 

nd  for  lighting. 

Q.     What    two    well-known    steam    turbines   are    in 

1  il    use  in  foreign  count! ; 

A.     Tin-  Rateau  steam  turbine,  made  principally  in 
•Vance  and  Germany,  and    the  Zoelly    steam    turbine, 
il  Kerland 

Q.    To  what  field  of  work  i>  the  steam  turbine  al 
exclusively  confined? 

A.  To  the  electrical  field,  where  large  units  arc 
employed. 
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THE  DE  LAVAL  STEAM  TURBINE. 

Principle. — The  Dc  I  aval  steam  turbine  con 
a  single  disc  with  properly  formed  buckets  on  tl 
cumference, 'against   which  steam  impinges  at  a  proper 
angle,       The  steam  enters  a  ring-shaped  chambi 
rounding  the  casing  of  the  turbine  and  cast  in  one  piece 
with  it.  and  from  this  il  enters  several  nozzles  tb 
vey     the     steam  to  the  turbine  noz- 

zles arc   formed   in   a   way   that    has    been    (bun 
most  suitable  for  the  purpose,  the  interior  being  i 
with  the  large  end  inwards  the  buckets.       The  steam  in 
passing  through  the  nozzles  freely  expands,  thereby  at- 
quires  velocity,  gives  up    its  work  by  impact  upon  the 
buckets,  and  thereby  rotates  the  turbine  wheel, 
apparent  from  this  brief  description  of  the  proa 
taining  the  energy  from  the  steam,  that  if  the  means  of 
i-nnverting  the  energy  of  the  impact   into  useful 
arc  sufficiently  good  the  efficienc)   of  the  machine  will 
be  high        Hiere  are  many  source-,  of  loss  to  which  the 
reciprocating  engine  is  subject   that  arc  not    p 
the  steam  turbine,  and.  of  course,  to  some  extent,  via 
versa.       In  the  case  of  the  turbine,  the  nozzles  are  not  in 
ciintact  with  the  turbine  buckets,  and,  therefore,  if  econ- 
omy once  exists  it  will  be  maintained  indefinitely. 

In   Fig,  301   is  shown  a   Dc   I  aval   steam  turbine,     hi 
Fig.  302  is  shown  a  sectional  view  of  nozzle  and  va! 

The  power  of  the  turbine  depends  upon  the  number 
of  nozzles  in  action,  and  these  nozzles  can  be  Open 
closed  by  a  hand  wheel  on  each.       The  machine  I 
as  shown  in  Table  32,  had  twelve  nozzles,  but  seven 
the  rated  capacity.       It  will  1"-  seen  from  this  that  the 
turbine  is  callable  .if  great  overloads. 

Regulation  of  speed  is  accomplished  by  a  throv. 
valve,  operated  by  a  centrifugal  goven 


geetlonsl  View  of  Noule  and  Valve. 
Fig.  3l»'J. 
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in  connection  with  e<  ol  steam  and  the 

to  throw  nozzles  into  and  out  of  action,  it  i--  at  on 
pareni  thai  each  nozzle  performs  its  funct  • 
when  operating  alone  as  when  any  other  numb 

i-  in  operation.      For  tins  reason  the  turbini 
not   change   its  economy  of  steam   per   indicated 
power,  ii  such  could  be  determined,  as  doe    .  ►rotat- 

ing engine.      Th<  >f  tempei  if  an; 

importance  in  the  turbine  to  cause  condens  . 
The  principal  if  dlrninu 

loads  than  the  rated  load  ia  the  fact  of  constant  t'rictk* 
with  all  loads.     At  overloads  then  I  greater  cco«- 

i>m_v  than  with  the  rated  load  foi  th<   reasons  thai  the  cv 
tra  nozzles  are  of  maximum  economy  and   to 
instant 

The  lurhiue  u-ed  in  above  test  exhausted  into  I 
Worthington  injector  condenser,  and  the  vacuum  w*» 
measured  by  means  of  a  mercury  column  connected  in 
the  exhaust  chamber  of  the  turbine. 

The  turbine  rotates  verj    rapidly,  and   the  - 
reduced  by  the  employment   ol  a  -j-ir-il  speer  pini 
the  turbine  shaft   gearing  into  one  or  two  spiral  gears, 
as  the  case  may  be,  depending  upon  whether  the  : 

ircd  on  one  or  two  shaft-.  The  pinion  and  geafi 
are  both  double,  with  the  teeth  inclined  in  opposite  di- 
rections so  that  there  will  be  m  i  end  thrust  to  eitho 

Description. — The  line  drawing,  Fig,  303,  is  a  hori- 
zontal   sectional    view    of  a    turbine    taken    through  the 
turbine  and  mar  -.hafts        Starting  at  the  right 
turbine   wheel,  attached    to   the    flexible   shaft    wh 
supported  on  each  side  of  the  wheel  by  bearings  hi 
the  casing  by  ball  and  socket  contact.       The 
within  the  turbine  casing  i-.  practically  atmospheric 
sure   when    running    non-condensing,  or  is  equal  to  the 
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pressure   of    the   condenser   when    running   condi 
Under  the  latter  conditions,   these   bearings  should   be  I 
tight,  to  prevent  leakage  of  air  into  the  wheel  casing,  ni 
they  must  at  the  same  time  be  able  to  move  slightly,  tl 
case  of  flexure  of  the  shaft.       They  arc.  therefore   Ufa 
to  their  scats  by  spiral  springs  N  bearing  against  a  col- 
lar ()  made  in  the  form  of  a  socket.     At  the  other  cat!  J 
of  the  flexible  shaft  arc  spiral  pinions  K.  support 
each  side  bj  bearings  C  in  the  wheel  casing.       These  pin- 
ions meshes  with  the  gears.  I  1.  as  indicated. 

The  speed  reduction  between   the  pinion  and 
for  all  sizes  of  turbines  is  about  in  the  ratio  of  10  to 
The  speeds  of  the  turbine  wheels  range  from  about  JD.- 
(XX)  revolutions  per  minute  for  a  7  horse  power  to  M 
for  a  300  horse  power  turbine;  and  th< 
gears  range  from  about  900  to  3.000  revolutions  per 
utc.      The  peripheral  speed  of  the  turbine  whi 
from  about  515  to  1.380  feet  per  second,  while  tl 
pheral  speed  of  the  gears  is  too  feet  per  -  -Ugh 

more,  for  all  sizes.      These  speeds  of  the  geai 
found  to  he  well  adapted  to  driving  generators  and  otl 
apparatus,  such  as  centrifuK.il  pumps,  blowers,  etc. 
apparatus  is  driven  through   flexible     couplings     taking 
power  from  the  ends  of  the  gear  shafts.       The  coupling? 
have  a  scries  of  pins  F.  Fig.  303,  securely  fastened  into 
holes  in  the  face  of  the  driving  discs,  and  on  their 
ends  have  rubber  bushing  E.  which  fit  in  corresponding 
holes  in  the  coupling  attached  to  the  shaft  of  the  genera 
tor  or  other  apparatus  to  be  driven.       These  bushings 
arc  fitted  with  an  internal  steel  bushing  D,  which 
over  the  end  of  pin  F.  to  protect  the  rubber.      This  bring? 
the    wear  on   the  outside  of  the   rubber  bushing, 
presents  a  greater  surface  than  the  inside. 

The  governor,  shown  at  M,  is  of  compact  design  arte- 


tlonal  View  of  Del.aval 
Governor. 

Fig.  304. 


Sectional  View  of  Del.aval 
Regulating  Valve. 

Pig.  306. 
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is  carried  l>y  a  short  shaft   made  a   taper  Bl 
of  one  of  the  gear  shafts.     Th<  rcootrobat 

tie  valve,  and  also,  to  case  of.  extreme  increase  of 
opens  a  valve  admitting  air  to  the  wheel  casing 
of  the  lever  V.  the  air  acting  as  a  brake  or  check 
wheel. 

Nozzles  and   Steam  Chest. — The    first    part 
noted  are  the  nozzles  which  direct  the  steam  agar 
wheel  backets       They  are  one  <>f    the    characi 
features  of  the  Dc  Laval  system.      These  nozzles  are  »t- 
ranged    about    the    circumference    of    the    steel    c 
which  serves  as  the  casing  for  the  turbine  wheel.      Tht 
inner  end  of  this  casting  has  a  closed  annular  space,  sep- 
arate from  the  wheel  chamber,  which  scr. 
chest    For  the  turbine,  as  indi  n   Fig.  303.      The 

inner  ends  of  the  nozzles  'pin  into  tl 
mown  in  the  sectional  view.  Fig,  302.       A  is  the  stean 
chest;  B.  the  nozzle;  I>.  the  turbine  wheel,  and  C  the 
valve  for  admitting  steam  to  the  nozzle.  The  divergence 
of   the   nozzles  depends   upon  in    pressure 

used  and  also  upon  whether  the  turbine  is  to  be  run  con- 
densing or  non-condensing.       It'  the  former,  the  tl 
is  generally  fitting  with  both  condensing  and   n« ■: 
(leasing  nozzk-.  so  that  in  the  event  of  difficult, 
the  vacuum  the  machine  can  be  operated  non-condensing 
with  a  fair  degree  of  economy.   These  nozzles  are  turned 
to  gauge  on  their  outside  and   reamed   to  the  required 
taper  on  the  inside.      Over  fioo  reamers  of  different  tap- 
ers are  kept  in  the  tool  room  for  thi 
nozzle     an    simply  driven   into  place  in  the  . 
.in    threaded  ;il  their  inner  end-,  to  facilitate  removal  b] 
means  of  a  jam   nut.       The   total   ta|  the   nozzle 

range   from  6  to    12  .   and   thej    are    pin 

their  outlet  about  H  inch  from  the  wheel  blades. 
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The  Governor. — Reference  has  now    been   made 
most  of  the  principal  parts  of  the  turbine,  with  tb< 
ccption  of  the  governor  and  throttle  valve  which  it 
trols.      These  an    shown  in   Figs,  304  ami  305 
lively.      The  governor  is  held  in  the  end  <if  one  of  t! 
gear  shafts  by  the  taper  plug  K.  Fig.  304,  and  1 
cylindrical  in  form,  with  it*  outer  shell  1?  15  ; 
dinally  into  two  halve*  which  form  the  governor  >•■ 
These  weights  are  fulcruuied  at  A  A  and  have  pin 
which   press  against  a  collar  l>   which  takes  the  thrust 
of  tlie  spiral  springs  located  within  the  .  -      Tr.t 

movement  of  the  governor  is  transmitted   through  the 
center  spindle  G  to  the  hell  crank  lever  L,  which 
anced  by  a  spiral  spring  X.      The  shaft  supporting  t&*> 
liver  passes   through   the   valve  casting  in   tbi 
which  are  a  pair  of  arms  connecting  with  a  >'■ 
throttle  valve  a-  shown.        In  the  steam   pipe  above 
valve  is    1  wire  cylindrical  screen,  to  prevent  any  larjt^ 
particles  oi  scali    or  other  material   likely  to  damage  thr 
valve  from  passing  through.       It  is  to  be  noted  tl 
Connection  belween  the  center  spindle  '1  o|  the 
and   the  bell-crank  lever  L  is  ile  connection,  ai"- 

that  at  the  right  is  a  valve  T.  whkh  connects  through 
the  passagi   r  with  the  wheel  casing.      In  case  the  three- 
tie  valve  should  slick  and  the  turbine  speed  go  up.  tfcf  * 
governor    would    have    power    enough    to  ie  OV  | 

pressure  of  the  spring  at  the  connection   H,  and  tl 
O  would  strike  the  spindle  of  the  valve  T,  which 
would   admit   air  to   the   vacuum  chamber   in   which  tlic 
wheel   revolves.       This   would    immediately    put  an  air 
brake  on  the  wheel  and  prevent  an  acceleration  of  speeiL 
If  for  any   cause   the   speed   becomes  excessive,   tl 
tion  lakes  pace,     In  Fig.  306  is  shown  «  joo  K    VI 
II.  P.  De  Laval   turbine  alternator. 


TESTS  WITH  8UPEBHEATED  STEAM, 

ber  of  Nozzles  Open,  Eight  (8). 

ige  Reading  of  Barometer,    80.18  in. 

«e  Temperature  of  Boom,    88*  F. 


Hour. 

SI  earn 

used 

Hour. 

Pres- 
sure 
above 
Cover- 
nor 
Valve. 

Pree- 

■ure 
below 

Gover- 
nor 

Valve. 

Vaeu 

urn. 

Super- 
beat 

above 

Gover- 
nor 

Valve. 

Heva. 
per 
min- 
ute 
of 
Gener- 
atora. 

Brake 
Hone 
Power. 

Steam 

lined 

Brake 
Horae 

Power 

Hour. 

Lba. 

Lba. 

Lba, 

In. 

Lba. 

A.  M. 

2      8—9 

4838 

206.8 

200.6 

27.2 

81*  F. 

866.6 

18.55 

9-10 

4986 

207.6 

199.8 

27.2 

86*  F. 

855.7 

18.88 

10—11 

6088 

207.7 

202.1 

27.2 

91*  F. 

857.8 

14.21 

11—12 

4976 

208.8 

199.4 

27.2 

88*  F. 

854.1 

14.05 

M.     P.M. 
12—1 

4841 

207.5 

194.8 

27.3 

82' F. 

848.5 

14.09 

1—2 

4768 

206.0 

19S.6 

27.2 

75°  F. 

844.4 

18.84 

•n- 
r- 

8-2 

4906 

207.0 

198.5 

97.2 

84°  F. 

750 

852.0 

18.94 

Test  of  the  DeLaval  Steam  Turbine. 
Table  No  32. 
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THE  CURTIS  STEAM  TURBINE. 

Principle. — The  principle  of  the  Curtis  Turbine  dif- 
irrs  from  that  of  any  other  type  in  thai  it  permits  the 

u*c  of  moderate  rotative  Speeds,  and  very  compact  and 
simple    mechanism.        The    turbine    is    divided    into    two 

stages,  each  of  which  may  contain  one,  tv '  more  re- 

rolving  buckets  supplied  with  steam  from  a  sel  of  expan- 
sion nozzles,      The   work   is  divided   between   several 
stages,  consequently  the  nozzle  velocity  in  each  stage  is 
reb)   rendering  the  nozzle  action  more  effi- 
cient and  perfect  than  it  can   be  where  a  highei    initial 
\clocity  is  imparted.      Under  this  arrangement  the  en- 
ergy of  the  moving  steam  Is  effective!)  given  up  i"  the 
revolving  part      The  division  of  pressure  between  the 
•••  so  arranged  as  to  utilise  the  largesi  possible 
proportion  of  the  cnergj  of  expansion.       In  Fig   ,vj~  is 
shown   the  revolving  buckets,  and  in    Pig.  308  the  sta- 
tionary buckets.      In  Fig.  310  is  shown  the  complete  rc- 
rolving  wheel.      The  position  of  tite  nun  ing  and  station. 
ticket;  with  relation  to  the  nozzle  is  shown  in  Fig. 

In  other  types  of  turbines  thi   steam  finds  it>  waj 

tttner  tb rough  a  great  number  I  >f  SUCCeSSn  I  v  rw  s  of  buck- 
ets without  being  carried  through  nozzles  or  is  used  in 
giving    velocity    in   a    -ingle   set   of  expansion   nozzles   rc- 

j  either  a  verj  large  number  1  if  buck*  rs  and  Iba  i  >h 
ing  other  difficulties  and  limitations,  or  necessi- 

tating the  use  of  very  high  velocities  of  rotation. 

Vertical  Type. — As  the  Curtis  turbine  has  a  vertical 
all  imposition  of  weight  on  cylindrical  bearings 
and  tendency  to  shafi  deflection  are  avoided,  as  well  as 
all  difficulties  due  to  irregularis  of  expansion  or  imper- 

ctions  of  support. 
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Step'Bearing. — The  step-bearing  at  the  end  of  the 
vertical  shaft  supports  the  weight  of  the  revolving  part 
and  maintains  the  revolving  and  stationary  elements  in 
exact  relation.  It  consists  of  two  cylindrical  cast-iron 
plates  bearing  upon  each  other  and  with  a  central  recess 
to  receive  the  lubricating  fluid,  which  is  forced  in  by 
steam  or  electrically  driven  pumps  with  a  pressure  suffi- 

i  to  sustain  the  weight  of  the  revolving  parti  It  is 
apparent  that  the  entire  weight  of  tin-  machine  is  thus 
carru-d  on  a  film  of  lubricating  fluid,  and  thai  there  is  no 

appreciable   friction.        When   the  Row   Of  liquid  is  inter- 

ted  tin   bearing  is  slowl)    worn  awa>.  but  experience 

v  11  that  interruptions  in  the  flow  seldom    cause 

any  deterioration   which  prevent*  ihe  eontinuatiei    of  the 

machine  in  service  after  tin  flow  is  re-established.  The 
bearing  in  such  cast     is  to  wear  itself 

.  new  si:  operates  normally. 

In  Fig  ,;m  i  i  i  is  shown  this  step  bearing. 

All   l a r ■  ;  turbines  are  nececsarilj   dependent 

upon  forced  lubrication.       \  Failun  I  lubrication 

in  a  horizontal  turbine  is  certain  to  a  rious  trouble 

through  cutting  of  the  shaft  or  interference  with  the 
alignment.  In  the  I  urtis  vertical  type  the  possibility 
of  any  trouble  is  much  reduced,  and  the  simple  cast- 
iron  block  can  readily  be  replaced  at  trilling  cost 

Clearances. — In  consequent  of  the  exact  relation 
maintained  between   the  rcvolvi  stationary    ele- 

ments by  the  sti'ji-iie.uin--.  ii  is  imssible  to  operate  the 

turbines  with  very  small  clearances  between  the  mov- 
ing and  stationary  buckets.  I  xperience,  however,  has 
>■.  n  that  the  reduction  of  clearance  beyond  a  certain 
point  is  not  beneficial,  and  that  clearances  less  than 
those  which  are  desirable  For  economical  reasons  can  be 
without  mechanical  difficult) 
Light  Loads  and  Overloads. — The  Curtis  Turbine  is 
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Diagram  of  Nozxlea  ami  Biiekois  in  Curtta  Steam 
Fiic  309. 
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overned  by  changing  the  number  of  nozzle  sections  in 

v,  and  the  efficiency  of  the  machine  is,  therefore,  about 

same  under  one  condition  of  load  as  another,  except 

at  friction,  windage  and  generator  loses  tend  to  sli 
f  h"  reduce  the  light  load  efficiency. 

Governing. — The  Speed  of  these  turbines  with  varia- 
ble load  is  controlled  by  the  automatic  opening  and 
ingof  the  original  admission  nozzle  sections,  tin  number 
of  nozzle  sections  corresponding  to  the  load  alwaj     b< 
Ing  kept  in  How.     A  centrifugal  governor  attached  (o  die 
lop  of  the  shaft  imparts  motion  to  levers  which  in  turn 
work  the    valve   mechanism.       There  arc  a   number  of 
valves,  each  communicating  with  a  single  nozzle  section, 
in  some  cases  two  or  more  nozzle  sections.       These 
valves  arc  connected  to  long  pistons,  bj  which  the  valve 
can  be  opened  or  closed  by  steam       Tin  motion  ni  ..,,.  ii 
lese  pisl  mtrolled  by  ;i  small  pilot  valve  which 

irked  by  the  governor  mechanism.       The  movement 
of  the  governor   mechanism   moves  the   pilot   valves  suc- 
tnd   the   main   valves  are  opened   or  closed  b_\ 
te  steam. 

Pressure  and  Superheat. — In  tin   operation  >>i  thi 

-  the  steam  is  expanded  t"  a  cnnsiderabli        | ."  i 

before  it  reaches  the  first  bucket--*,       High  temperature 

in  the  steam  is.  therefore,  not  a  source  ol  an)   practical 

difficulty,  and  steam  of  verj    high  pressure  and  high  dc- 

uiperheal  can  be  used.      The  reduction  in  -team 

consumption   by  superheat  or  increased  pr  as 

it   m   the   turn-.  Turbine   as   in   any   form  of  steam 

engine. 

Wear  on  Buckets. — The  qui  stion  is  sometimes  raised 
as  to  the  rate  of  deterioration  through  erosion  of  the 
buckets  in  the  Curtis  Steam  Turbine.  A  number  Of 
experiment     have  been  earned  on  extending  over  a  pc- 
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of  years  with  a  view  of  ascertaining  what  the  extent 
this   erosion    might   Ik.        The   result   of   these  experi- 
us  has  shown  conclusively  that  while  the  wear  varies 
different   degrees  of  steam    pressure,  it   is  in   any 
it    negligible    from    t lit.-    -taudpomt    of   maintenan 
buckets  in  the  Curtis  Turbine  can  he  renewed   with- 
in difficult)  and  at  small  expense.     In  Fig.  311  is  shown 
o  K    W.  steam  turbine,  and  in  Fig,  31a  is  shown  Ac 
complete  installation. 


THE  WESTINGHOUSE-PARSONS  STEAM 
TURBINE. 

Description. — A  typical  Westinghouse-Parsons  turbine 
hown  in  in  Fig.  313. 

The  Steam  volume  progressively  increases  from  inlet 
A  to  exhaust  B  in  the  annular  space  between  the  rotating 
ndle  and  the.  cylinder  walls.  The  entire  expansion, 
which  is  approximate!)  adiabatic,  is  carried  out  within 
this  annular  compartment  which  essentially  resembles 
a  sil  team   nozzle.       There  is  this  differ- 

ence, h' •  hat  whereas  in  a  nozzle  the  heat  energy 

be  working  steam  is  expended  upon  itself  in  produc- 
of  1  fflux.  in   the   W  cstintrhousi    I'ar- 
total  energy,  due  to  expansion  between 
.-,  is  subdivided  into  a  number  of  steps. 
In   ••••  [>   tli<'   dynamic   relationship  of   jet   and   vane 

ure  a  comparative!)  low  average  velocity 
inlel    to  exhaust,  this  generally   varying  from   150 
feet  per  second  as  a  minimum  at  the  high  pressure  end 
to  about  600  feet  per  second  as  a  maximum  at  the  low 
pressure  end. 

The  result  is  of  the  utmost  importance.     With  high 
steam  velocities,    excessive    surface    speeds    are  encoun- 
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I,  causing  serious  lo*8«8  from  Raid  friction  and  rapid 
deterioration  of  parti  From  erosion.  With  low  steam 
velocities,  commercial  speeds  arc  readily  obtained,  fric- 
tion loss  is  greatly  reduced,  ami  the  depreciation  of  the 
turbine  from  practically  the  of  wear  becomes 

preclable. 

The  expansion  of  stei  tn  at  any  one  element  is  typi 
cil  of  its  working  throughout  the  turbine        Each  eli 
if  a  ring  of  stationarj  and  a  ring  of  nm\ 
ing  bladt  •-.  Hon  and  velocitj    to 

ihc  steam;  while  the  latter  immediately  convert 
the  energy  of  velocity  into  useful  torque  The  total 
torque  upon  the  shaft  i.-.  due  both  to  impulsi  of  steam 
entering  the  moving  blades  and  to  reaction  as  it  leaves 
then 

A  condensing  steam  turbine  in  operation  affords  a 
striking  i         pie  of  the  com  heat  into  work, 

temperature  of  the  cylinder  falls,  within  a  distance  of 
throe  or  four  feet,  from  365  degrees  Fahrenheit  at  the 
high    pi  end  to    (15  degrees  at   the  exhausj    endj 

who  with  150  pounds  steam  pressure  and  27 

inches  vacuum.  These  temperature!  remain  constant 
•luring  operation.  There  is  no  alternate  condensation 
and  ration  as  in  the  piston  engine. 

Construction. — The  Westinghousi    Parson?     turbine 
in  effect  consists  of  but  two  essential  element:     a  casing, 
or  stationary  part,  and  a  rotor  or  rotating  part     \ 
brief  detailed   description    folli 

Rotating  Element. — The  rotating  ,  1 m  i-.  l.nilt  up 

cast-steel   drums    carrying  rows  of   hlades  or 
■>e  being  mounted   on  a  steel   -haft,  as  shown   in   Fig. 
314.       These  drums  are  arranged  in  three  steps  of  in- 
creasing diameters,  but  the  selection  of  three  diameters 
is    merely    for   mechanical    ronveuicnec  Provision    for 
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the  proper  expansion  of  steam  might  be  made  whether 
there  be  one  or  several  diameters.  If.  however,  a  speed 
and  diameter  of  rotor  be  seleeted  thai  would  permit  of  a 
convenient  size  of  blades  at  the  outlet,  those  at  the  inlet 
would  become  inconveniently  small,  and  vice  versa.  Un- 
varying the  drum  diameters  at  several  convenient  points, 
the  proper  velocity  relations  between  steam  and  vane 
may  be  preserved,  and  at  the  same  time  the  number  of 
different  sizes  of  blades  may  be  reduced  to  a  minimum. 

In  Fig.  313  the  construction  is  shown  as  follows: 
Opposed  to  the  three  sets  of  blades  the  spindle  also 
carries  three  rotating  balance  pistons   1',  each  of  such 
diameter  as  to  exactly  balance,  by  means  of  the  passage 
E,  the  axial  thrust  of  the  steam  against  its  corresponding 
drum  of  blades.      These  balance  pistons  revolve  within 
the  cylinder  with  a  close  fit.  but  are  not  in  mechanical 
contact.      The  adjacent  surfaces  are  provided  with  fric- 
tionless  packing  rings  which  offer  so  devious  a  path  for 
the  steam  as  to  make  leakage  past  them  inappreciable. 
The  shaft  also  carries  a  small  thrust,  or.  more  properly. 
adjusted  bearing  T.  whose  sole  function  is  to  maintain 
the  normal  mechanical  clearances  between  the  rotating 
and  stationary  blades.       These  clearances  may  be  con- 
veniently large  without  lowering  the  efficiency.       In  ac- 
tual  practice  they  are  never  less  than  ••ue-eighth  inch. 
and  in  large  blades  are  as  much  ;!.s  >v.w  inch. 

Casing  or   Stationary   Element. —  The   interior   pro- 
portions of  the  casing  conform  *>••  '.\"<  several  diameters 
of  the  rotor  ami  its  parts.       An ••••••!   its   inner  surface 

are  fixed  rings  of  blades  which  .;!:cv:\i:c  in  position  with 
:!:*  rings  of  revolving  blades  •.:;>••:•  the  r  'tor.  ami  are  <>f 
--;-  =r-e  pitch.  The  cylinder  i-  >'.-\\\  .:  .dun  a  horizontal 
'''•-•i  •<.  that  by  simply  Hfti"i;  :'•»■  ."  wv  .i'l  the  working 
•  -—. ;»  ire  exposed  lo  view   .i-  !•"•    «■■■  ••;    l'\£.  315. 
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Blades. — The  precise  curvature  and  arrangement  of 
the  blade-,  is  the  result  of  both  theory  and  exhaustive 
experiment.  The  blades  are  so  assembled  as  to  admit 
of  great  ease  of  repair,  ami  by  a  calking  process  which 
holds  them  so  firmly  to  the  body  of  the  rotor  thai  the] 
will  pull  in  two  before  they  can  be  drawn  out  by  force. 

Glands. —  Friction  less  glands  are  provided  at  the  ends 

lie  casing  or  stator  to  prevent  tli<-  c-<  ape  of  steam 
or  the  influx  of  air  into  the  turbine  at  the  point  of  entry 
of  the  shaft.  Air  leakage  is  particularly  detrimental  in 
cases  where  it  is  desirable  to  maintain  a  high  vacuum. 
The  water  sealed  glands  used  in  the  W'estin;  I'ar 

turbine  effectively  prevent  this  leakage,  and.  furth- 
er, require  no  lubrication.       It  is  impos-iblc  for  any  oil 
:.-.  the  bearings  or  Ihc  lubricating  t"  find  it.^ 

way  into  the  steam  Spaces  There  are  no  rubbing  sur- 
faces in  the*c  gl  and  experience  has  demonstrated 
that  wear  is  negligible.  The  water  used  for  sealing 
them   is  small  in  quantity  and   is   not   wasted,  as.  after 

mg  its  purpose,  it  may  be  returned  to  the  feed  water 
in. 

Governor. — In  Fig.  316  is  shown  a  complete  diagram- 
latic     arrangement       of     the     governor     mechanism, 
the     turbine     in     puffs.,   not     in  a  con- 
io-^t.        Speed   regulation      1-.      therefore,     ac- 
tmplished   bj    proportioning   the   duration  of  the  puffs 
!.        This   is   done   by   means   .  .f  a   small   pilot 
ated  directly  bj    Ihc  governor  and  which  con- 
sis  the  s:.-am  supply  through  the  mam  poppet  admis- 
valvc.       When  the  turbine  i-  in  operation  the  main 
Dppct  valve  is  continually  opening  and  elo-iu^  at   nm- 
■rm  intervals,  but   the   periods  during  which  the  valve 
allowed  to  remain  open  arc  proportioned  to  the  load 
OH  the  turbine.      At  light  load  the  valve  opens  for  a  very 
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short  period,  and  remains  closed  'luring  the  greater  part 
of  the  interval.       As    the    load    increases    the    period 
lengthens  until  finally,  at  about  full  load,  the  val 
not  reach  its  seat  at  all  and  continuous  pressure  it  oh 
tained  in  the  high  pressure  end  of  the  turbine.     On  the 
load  becoming  further  ii  d  an  auxiliary  Or  secon- 

dary valve  begins  to  Open  and  to  admit  steam  to  the  an- 
nular space  ai  the  beginning  of  the  intermediate  drum 
of  the  rotor  where  the  working  steam  areas  are  greater. 
This  ini  n  proportion  the  total  power  of  the  tur- 

bine. The  operation  of  this  secondary  poppet  valve  is 
the  same  as  that  of  the  main  on  salve.  56  that  the 

governor  automatically  controls  the  power  and  speed  of 
the  turbine  from  no  toad  to  such  overloads  as  are  usuallj 

•nd  the  limits  of  generating  apparatus  built  on  nor 
mal  ratings. 

Lubrication. — ht  the  Westinghouse-Parsons  turbine 
the  bearing  surfaces  are  so  liberal!)  proportioned  that 
the  entire  weigh!  of  the  rotating  element  is  supported 
upon  a  fluid  film  of  oil  through  capillary  action  alone,  and 
without  the  use  of  oil  under  high  pressures.  A  small 
pump  driven  from  a  worm  gear  Upon  the  -haft  circulates 
oil  through  a  dosed  lubricating  system,  comprising  in 

the  order  of  their  arrangement;  pump,  oi]  cooler,  bear- 
ings and  reservoir. 

In  Fig.  317  is  shown  a  comparison  of  the  space  occu- 
pied and  size  of  foundation  of  a  modern  engine  unit  and 
of  a  Westinghouse-Parson's  turbine  unit  of  similar  rat- 
ing and  overload  capacity . 

In  Fig.  318  is  shown  a  .sectional  view  of  a  complete 
turbine  house. 


p2 

.  ••! 

Elf 

I 

/       /  r^£« 

^ 

U-i\   41 

/        /  / 

| 

Comparison  of  Space  occupied  and  tl£e  of  Foundation  of  Mo*™ 

Engine  Unit  and  u  WesUnghouse — Parsons 

■ 

of  Similar  Rating  and  Overload  Cap 

Pig,  :;it. 

_. 

- 

gfl 

X 

•JMI 

c 

<r. 

M 

_ 

M 

«n 

1  t 

*• 

•n 

O 

00 

o- 

»o 

X 

r-* 

•r. 

h* 

O 

•o 

•0 

i 

i 

M 

< 

* 

i 

■O 
■O 

0 
* 

% 

Si 

o> 

* 

i 

•c 

O 

r^ 

0 

r^ 

X) 

< 

* 

j        a 

a. 

8 

d 

g£ 

?  t 

C> 

f< 

00 

*r> 

9 

CO 

0 

la 

00 

t^ 

O 

fi 

«♦ 

* 

«J 

- 

-" 

"" 

^ 

- 

— 

if 

i    A 

Is 

T 

0 

0 

O 

8 

2 

0 

0 

0 

M 

0 

0 

r-- 

so 

N 

M 

52. 

1 

0 

0 

1*3 

0 

s 

O 

0 

1 

3  iz 

■—, 

r;- 

"O 

N 

i> 

•0 

0 
10 

"§> 

A 

90 

ft 

% 

r*l 

0* 

1 

O 

IJT 

Q 

r-. 

0 

i  x 

"1 

30 

li-1 

00 

* 

r- 

»o 

&' 

2 

Ec 

if! 

r* 

30 

» 

M 

°s 

0 

0 

0 

0 

3 

m 

»^> 

M 

<f 

1^ 

T 

1 

0 

s 

QJ 

a 

O 

O 

u 

A 

□ 

4) 

u 

0 

a! 

w 

u 

3 

O 

o 
o 
o 


u 

< 

X 
EK 

1^     O     NO 

>o    §. 

a 

< 

i-»    «■»   «o 

* 

01 

u 

o 

2 

5 

s 

o 

□ 


o 

o 

tc 

h 

j3 

3 

re 

(A 

^ 

re 

x 

OJ 

P 

a. 

oj 

a 

^ 

% 

= 

o 

x 

■j: 

re 

£ 

~. 

V 

K 

QJ 

2 

g  * 

U 

~ 

u 

*-< 

~ 

- 

X 

^ 

5) 

8   Si-', 


§   : 
►J 


£  *^ 


c 

a 


u: 


n      1     cr,    a 


wtlonal    View  of  a    Complete  TnvWnc?  P«wjm   Vtau* 
Fig.  320. 


."3 


ALPHABETICAL    INDEX 


A 

Page. 

Aluolute  Pressure 97 

Accessories  for  Boilers 206 

Action  of  Centrifugal  Separators 218 

Action  of  Simple  Voltaic  or  Galvanic  Cell 666 

Adjustment  of  Corliss  Valves 649 

Admission  of  Steam 486 

Admission  of  Steam  Into  Furnace 146 

Advantages  of  Compound  Electrical   Generator 716 

Advantages  of  Galloway   Boiler   41 

Advantages  of  Internal   Furnace  Boiler 63 

Advantages  of  Locomotive  Boiler  49 

Advantages  of  Mechanical  Stoker  234 

Advantages  of  Mechanical    and   Artificial    Draft 136 

Advantages  of  Return  Tubular  Boiler 43 

Advantages  of  Vertical  Tubular  Boiler 61 

Advantages  of  Water  Tube  Boiler 61 

Air  Chambers   on   Pumps 626 

Albany  Return  Steam  Trap   366 

Albany  Return  Steam  Trap — Construction  of   366 

Albany  Return  Steam  Trap  In  Connection   with   Heater 367 

Aldrich  Electric   Boiler  Feed  Pump 728 

Alternating  Current  Machines 736 

Alternation— Definition  of ' 737 

Alternators — Coupling  of    721 

Alternators— Multiphase    749 

Alternators— Three-Phase   760 

Alternators—Two- Phase   749 

American  Duplex  Compound  Engine 610 

Ammeter  687 

Ammonia, — Anhydrous   863 

Ampere    884 

Ampere  Turns   "45 

Analysts  of  Boiler  Scale   267 

Analysis  of  Coal    428 

Analysis  of  Fuel  Oases 443 

Analysis  Of  Water  (St.  Louis) 267 

Analysis  of  Water  Used  in  Different  Cities 460 

Anderson   Steam  Trap 358 

Angle   of    Advance <80 


Pvt 

Angle   Valves    in 

Anhydrous  Ammonia   for  Mechanical   Refrigeration 81! 

Analogy  of  Electrical  Measurement 04 

Appliances — Elevator  Safety   Mi 

Application   of    Transformers 74« 

Approximate  Heating  Value  of  Coal u: 

Approximate  Weight  and  Evaporate  Power  of  Wood lj: 

Area  of  Indicator   Card    SIT 

Area  of  Indicator  Card  <To  Find) SK 

Area  of  Grate    31 

Area  of  Safety  Valves    »> 

Armature — Construction    of    741 

Armature — Cores    701 

Armature — Drum    IT 7i: 

Armature — Winding    703 

Arrangement  of  Gridiron  Valves  and  Valve  Gear 55* 

Artificial    Draft    Ut 

Artificial    Magnets    til 

Ash— In  Coal   r* 

Atmospheric   Line   of   Indicator 8!< 

Attaching  Indicator  to  Engine 81» 

Attachments  to  Boiler    I* 

Attachments  to  Furnace    3V 

Attachments  to  Watt    "Wagon"    Boiler Jl 

Automatic  Damper  Regulator 33 

Automatic  Engine   *** 

Automatic  Engine — Brownell   5"4 

Automatic  Engine— Chuse 51* 

Automatic  Engine— Ideal   HI 

Automatic  Stop    on    Elevators 8*7 

Automntlc  and  Throttle  Engine 4M 


Babcock  &  Wilcox  Water  Tube  Boiler — Construction  of 3< 

Babcock  &  Wilcox  Water  Tube  Boiler— Erection  of 35 

Babcock  &  Wilcox  Water  Tube  Boiler   2» 

Back  Pressure  or  Exhaust  Heating  System 3»" 

Back  Pressure  Line  of  Indicator K* 

Balanced  Valves    541 

Bars-Grate     31 

Base — Steam  Engine   *?' 

Batteries — Classes  of  Voltaic  or  Galvanic B* 

Batteries— Open  Circuit    «*'' 

Batteries— Primary  Electric    *M 

Battery  of  Cells  «; 

Battery — Poles    of    W 

Belt  Elevators  :s° 

Belted  Elevators— Steam   Freight   ": 


K»«vii!or» — gleam   Freight— Part*    

.*•    RtflVftlOr*—  II  r    of,.,  

t»— care  or  

Ml    Ac  tine;  Steam    Pump 

Off  on  BoO«r  

nic  off    Id. IP  i  

Pmnpi   

Feed  Pump— Aldrloh   Elecirtr    

Holler— Advantage*  of  Cornish 

\ .1  v:. ni.i tr  .-  ..r  Hi.    Hallows?    

IWler—  Advantage*  of  the  Interim)   rorUM 

Adv*nta»;.      .1    till    I.oenmotlve 

Advantages  of  the  Return  Tubular 

A<l»jinltiR.'s  of  tho  Vertical 

Advantages  >>r  Hi-   Water  Tiibr 

l-ill-r— Attachment-,  to  tl  -  Watt    Wagon" 

Boiler— Attachments    to    . 

Batter—  AecMworii-c  f<ir 

*>Uer—  Rahcook  A   Wilcox  Water  Tube 

.Rubcock   k    WII:ox  Wuler  Tube— Cmu-li  intli.n  of, 

I  'fT  Pipe  on  

VowhiK  08  ol 

Batter— Rrownell   Vertical        

boiler — Oahall— Construction  of 

Seller— Cahall  Vertlonl    WatM    Tube 

■Oiler — Capacity  of    . 

•oiler— Capacity  Sufficient  

Bolter— Care  of    

Boiler — Care   of— Rule*    For 

Boiler — C&re  of  Water  Tul>e 

Boiler — QMt    Iron 

r — Circulation    

Bolter — Clasac*  of  

Boiler—  Cleaning    

Ctonponnd    standard  National 

Boiler — Commercial   lint  lug   of 

Oonntctlona  of  Injectoi    to   

Boiler— Construction  of  ISnbcock    &   Wilcox 

■traction  Di   Heine  Safely    Watl  i    TObl 

Firuiiiiiri  nf  Locomotive   

«r— Com  traotlon  ol  W  li  ki      V  rile  il 

lah    

ilah— Advantage*   of    

. .  I**»— Cornleh— Defect*  

Boiler— Cook    Wnter    Tube 

ller — Cutting  Into  Service         

>rr — Cylindrical    

ir— Cylindrical— n-rccts    

-        Of  "P.-lll'IMII  ■' 

'feels  of    rVimtih  


.2W- 


.,1 
..i 
SI 
127 

:o« 
na 
M| 

ii 
:  M 

2T0 
MS 

-..-. 

108 
118 
1H 

:.... 

249 
«0 

Ml 
« 

147 

■ ; 
410 
III 

288 
27S 

ti 

:to 

16 

» 

S7 
281 
161 
II 
IS 
17 
17 


1 


Boiler— Defects  of  Cylindrical K 

Boiler— Defects   of    Galloway 41 

Boiler — Defects  of  Newootnen !J 

Boiler— Defects  of  Watt  "Wagon" Jl 

Boiler— Deterioration  of  MS-IS 

Boiler — Development  of X 

Boiler— Disadvantages  of  Internal  Furnace 8 

Boiler— Disadvantages    of   Locomotive 0 

Boiler — Disadvantages  of  Return  Tubular 43 

Boiler — Disadvantages   of  Vertical SI 

Boiler — Disadvantages   of  Water  Tube SJ 

Boiler — Destructive  Forces  of 5* 

Boiler — Dome    W 

Boiler— Drum.  Steam  and  Mud M 

Boiler— Dry  Back    U 

Boiler— Efficiency  of  114-ttl 

Boiler— Equivalent   Evaporation    1U-43 

Boiler — Essential   Parts  of S 

Boiler— Evaporative   Test   4« 

Boiler — Explosions     !C 

Boiler — Explosions — Cause  of   Hi 

Boiler — Explosions — Defective  Design  K". 

Boiler— Explosions — Defective   Workmanship    XI 

Boiler— Explosions— Deterioration  of  Metal JO 

Boiler — Explosions — Incompetent   Attendant H4 

Boiler — Explosions — Prevention    of    Mi 

Boiler — Explosions — Responsibility  for   IK 

Boiler— Exterior  of  JW 

Boiler— Externally  Fired   1(4 

Boiler— Feed  Pumps   *M 

Boiler— Feed    Pumps — Aldrich    Electric    73 

Boiler— Feed  Water  for— Regulation  of Si 

Boiler— Filling  the    SO 

Boiler — Foaming   In    fi* 

Boiler — Foundation  for  1*1 

Boiler — Fronts    171 

Boiler— Fronts — Cut  Away   175 

Boiler— Fronts— Flush  or  Full  Arch 171 

Boiler— Fronts— Overhanging  or  Half  Arch 175 

Boiler— Fronts — Material    for    17$ 

Boiler— Furnace— Wlckes    !75 

Boiler— Fusible  Plug  for 104 

Boiler — General   Care  of 37 

Boiler — Getting  up  Steam  In 3- 

Boiler — Grate  Area,  Heating  Surface  and  Tube  Area B 

Boiler— Hand  Hole  of W 

Boiler — Heating  Purpose    9i 

Boiler — Heating — Specifications  for it* 

Boiler — Heating  Surface  of J5 

Boiler— Heine   Safety   Water  Tube SI 


V:\ge. 

Boiler — Heine  Safely  Water  Tube— Construction  of liiti 

Boiler — Horizontal  Return-  Tubular — Specifications  for 295 

Boiler — Horizontal  Tubular — Specification*  for 314 

Boiler — Horse  Power  of 108 

Boiler — Horse  Power  Test. .  .• 425 

Boiler— Increased  Durability  of 229 

Boiler— Inspection  of  903 

Boiler — Inspection  Laws  Governing 258 

Boiler — Inspection  Laws  Governing  City  of  Philadelphia 919 

Boiler — Inspection  Laws  Governing  City  of  Chicago 914 

Boiler— Inspection  Laws  Governing  U.  8 903 

Boiler — Inspection — Manner  of   260 

Boiler — Inspection — Preparing  for  261 

Boiler— Inspection — St.   Louis   Ordinance 260-924 

Boiler— Installation  of   179 

Boiler — Internal   Furnace    S3 

Boiler — Internal  Furnace — Advantages  of 63 

Boiler — Internal  Furnace — Disadvantages  of 66 

Boiler — Internal  Furnace — Specifications  for 317 

Boiler — Kewanee  Fire  Box 270 

Boiler — Lancashire   87 

Boiler — Leading  Types  of ' 270 

Boiler— Leaks  In    266 

Boiler— Location   of    177 

Boiler — Locomotive  Type  of 47 

Boiler — Locomotive — Advantages  of  49 

Boiler — Locomotive — Disadvantages  of   49 

Boiler — Locomotive — Construction   of   47 

Boiler — Locomotive — Forced   Draft   In 47 

Boiler— Locomotive— Specifications  for  25  H.   P 294 

Boiler— Low   Water   in 265 

Boiler — Management — Rules  for  266 

Boiler — Man  hoi  e  of   92 

Boiler — Marine    55 

Boiler— Material   for   67 

Boiler— Material— Cast  Iron  as 60 

Boiler— Material— Steel  as  60 

Boiler— Material— Wrought  Iron  as CO 

Boiler— Modern— Classes  of   42 

Boiler — Modern — Types  of  42 

Boiler — Mud  Drum  on 91 

Boiler— Mud  Drum— Action  of 281 

Boiler — Mud   Drum — Cleaning  of 282 

Boiler— Multitubular 42 

Boiler — Newcomen   "Balloon"    27 

Boiler — Necomen — Defects    27 

Boiler — Newcomen  Spherical   26 

Boiler— Newly   Set    248 

Boiler— Operation  of   249 

Boiler — Plate — Requirements  of   68 

Boiler — Preparing  for  Inspection  of 261 


Bolter— Priming  I »    , 

Boiler— Rating  of    

Boiler— Regulation  of  Feed   WMM  I" 

--Removing    Deposit     

li-.ili.-r     n-  lnnv  Tubular       0 

Boiler — Return  Tuliulnr — Advantage*  Of    <' 

Boiler— Return  Tubular— Construction   

Return  Tubular— Furnace    I 

BoHer— Retain  Tubular     Number  of  Tube*  In..  ' 

Boiler — Return  Tubular— Principal   PlmdvniitaifH    ' 

Roller— Return  Tubular — Spcclin sltlOM    for    

BoDi  r  -Rules  for  Cure  of. 

Bolter    Bale  Working  Pressure  of 

rtoiter  flafjiij  Attachment*  «n   

Boiler — Safety  Valve   on    

Boiler -Safety  Water   Tube— Specification*    for 

Roller— Scale— Analysis  of    81 

Boiler — Sediment — Removing    ,.9 

Boiler— Bclf  Contained    .   . .  1" 

Boiler— Settings   IB 

Boiler— Settings— Material    for 

Roller— Sellings — Water  Tubi  

Boiler — Settings — Requirement*  of  

Boiler — Shell — Internal    Forces  of . . . 
Bolter    Bbell    Pbtc  for     

Uiilli-i      Shell     Staying  of 

Roller  -Shell— Strength  of 

Bolter— Shell— Stress   of 

Boiler— Shutting  Down    

Boiler— Specification,  for  20  H.  P.  Vertical  Submerged  Flto 

Boiler— Specifications  for  2S  H,  P.  Locomotive 

Boiler— Specifications  for  Horizontal  Return  Tubular 

Boiler—  Specifications  for  Safety  Water  T ....  SM 

Holler— Starling    up    .    ..SI 

Roller— Staying  Boiler    

Boiler — Stays — Crow  Foot   

Boiler— Stay*— Design  of  I 

Boiler— Stays— Diagonal    

Boiler— Stays— Direct    

Holler— Stays— Ousset 

i  lolli  r— Steam    

Steam     Externally  Fired 

Boiler— Steam— Factor  of  8a f< -iv 

Boiler — Steam — Standard  Ratine  •■!  .......  Bl 

Roller -Sleam — Steam  Gauge  on    

Boiler— Steam    Supporting   

Bolter— -Steam— Surface  Blow  Off  on 

Roller— Sleol— Fire    Box..  

Boiler— Stool— Manufacturing  of .     .  '' 

Boiler— Steel— Specification  for  


Pa«<*. 

Hi.ilir — SlirlliiK   Water  Tuliv    -■"> 

Boiler— Surface— Blow  Off  of 92 

Boiler — Summary     57 

Boiler — Supporting:    166 

Boiler — Suspension  of  Tubular 171 

Boiler— Testa    258 

Boiler — Tests— Hammer   269 

BoUer— Testa— Hydrostatic   259 

Boiler— Tests— Objections  to    259 

Boiler — Teste— Precautions   for    259 

Boiler — Tests — St  Louis  Ordinance  for 260 

Boiler— Trials    42P 

Boiler — Trials — American  Society  of  Mechanical  Engineers'  Rules..  436 

Boiler— Purposes  of  Trials 421 

Boiler— Trials— Rules  fop 421 

Boiler — Trials — Rules  for  Conducting 434 

Boiler— Tubes   S3 

Holler — Tubes — Area   89 

Holler — Tubes  and  Flues  for 83 

Holler — Tubes,   Galloway      39 

Boiler — Tubes.  Galloway— Advantages  of 41 

Boiler — Tubes,  Galloway— Defects  in 41 

Boiler — Tubes  In  Return  Tubular 43 

Boiler— Tubes 88 

Boiler — Tubular— Suspension   of    171 

Boilers— Use   of    26 

Boilers— Use  of  Vertical 49 

Boilers— Vertical    49 

Boilers — Vertical — Advantages  of   61 

Boners— Vertical— Brownell    270 

Boilers — Vertical — Dlsadavntages    of    51 

Boilers — Vertical — Submerged    Flue — Specifications    for 293 

Boilers— Vertical  Water  Tube— Wickes 270 

Boilers— Walling  in  of 171 

Rollers — Water  Level  In 101 

Boilers— Water  Line  of 101 

Tollers — Water  Required  for 260 

Boilers — Water  Tube — 100  H.   P.— Specifications  for 302 

Boilers — Water  Tube — Advantages   of 61 

Boilers— Water  Tube— Babcock   &   Wilcox 288 

Boilers— Water  Tube— Cahall   285 

Boilers — Water  Tube — Care  of 249 

Boilers— Water  Tube— Cook  283 

Boilers — Water  Tube — Disadvantages   53 

.  Boilers — Water  Tube — Heine  8afety 276 

Boilers — Water  Tube — Safety— Specifications   for 310 

Boilers— Water  Tube — Settings   of 173 

Boilers — Water    Tube — Stirling    290 

Boilers— Water  Tube— Wickes'   Vertical 270 


Boflw  icon" 

BOdtn    Wnii      'Wagon •■— Attachment*    

Roller* —Walt    "Wagon"— Defect*  

Holler*  -When    Clenn    

iinii.'i.  -Wroafhi  Inn  tor 

Ilnom    l>.iil.-k   Signal* 

Il.imbi.ii  Steam  Prc*»ure  Gauge 

Hrace— Crowfoot  Roller    . . 

BraC« — 'Diagonal    Boiler    

Mm.'  u    Boiler   

Hrace — Through  Roller  

Branca,**  Steam  Turbine ,. 

Branch  Oil  iiinl  i  In-   l;urrmr» 

Branch  Bteam  Trap 

Branch  Steam   Trap— Construction   of 

BrlilK'    \V;iii  nf  Kurnace 

•    -Calcium  . 

Brine— Ca»k    

Brine— Plant    

1  lrln«^—  Prepnrallon  "T    .  

i'i  in' — Bolometer  for  Tenting.   

ltrln» — Sy*lcm    nf    K-f  rlner»tlon ,  . 

Brine   Tiink— Pipes   In 

Brownell  Automatic    Engine    

L'rownell  Governor   . ,  .   

lirownell   VtrtiOBl     BoflW     

Iirimh    Holdors — Compound    Generator 

Brunhen—  Motor — Sparking   of  . 

Buckeye  Vnlve   Gear 

Bwdtty*  BBdM  

Ruckeye  Governor 

Rundy  Steam  and  Oil  Beparator   

Rundy  Steam  and  OH  Separator— Con*trucllon    of 

i  im.iy  Stiwm  and  Oil  Separator— Operation   of   

Rundy  Return    Steam    Trap 

Bundy  Return  Steam  Trap   Placed  over  Boiler 

Rundy  Tank  Trap — Con»tructl«n   Of 

l!illli|.'.l    ll.inlv     ■PtMHUN    AII..W-.I    i.il , 

Rurnham  Direct  Acting  Steam  Pump*        

Burnham   Direct  Acting  Steam    Pumpa—  Direction*  for  Voire   «*t- 

l  tnan  of 

Running   Pipe    

Butt    Joint*    

C 

Cables — Care  of  Elevator 

Cables — lAibrtralion   o*   Elevator  

Cage  or  Car  of  Elevator 

Cage  or  Car— Part*  ..f  Elevator 

Caliall  BoU«r— Vortical  Wator  Tui* 

Calcium   Brine   tor  "A«"t\*w»*Aoq 


Page. 

Calorific  Value  of  Coal 443 

Calorific  Value  of  Wood 482 

Calorimeter  for  Teat  Ins  Steam '. 426 

Cameron  Steam  Pump 638 

Cameron    Steam    Pump — Explanation    of MS 

Cameron  Steam  Pump— Operation  of 633 

Can    System— Ice   Making 877 

Capacity— Boiler    108 

Capacity— Sufficient  Boiler  148 

Car    Safety   Device— Pratt 799 

Car   Safety  Device — Pratt — Construction   of 801 

Car  Safety  Device— Pratt  Governor  Grip 801 

Card  or   Diagram    Indicator 821 

Care  of  Boilers 248 

Care  of  Boilers — Rules  for 285 

Care   of   Boilers — Water  Tube 249 

Care  of  Elevator  Belts 784 

Care  of  Elevator  Cables 781 

Care   of    Elevators— Hale 779 

Care  of  Fusible  Plug* 107 

Care  and  Operation  of  Otis  Elevator — Directions  for 788 

Cask— Brine  87S 

Cast   Iron    Boilers 80 

Castings— Malleable    (7 

Causes  of  Boiler  Explosions 282 

Causes  of  Imperfect  Vacuum 604 

Causes  of  Sparking  of  Dynamos 733 

Cell  Battery  667 

Cell— Chemical  Reaction  of 666 

Cell — Construction  of 668 

Cell — Current    from    667 

Cell— Daniel   .• 671 

Cell — Depolarization    of  a 666 

Cell— Electric  666 

Cell — Laclanche    670 

Cell— Multiple  Series    667 

Cell  In  Parallel 667 

Cell— Polarisation  of  a 666 

Cell— Primary  and  Secondary 672 

Cell    In    Series 867 

Cell— Action  of  Simple 666 

Central  Station  Heating 406 

Central   Station  Heating  Plant— Specifications   for 412 

Centrifugal  Pumps   631 

Centrifugal    Separators — Action    of 218 

Centrifugal   Separators — Detroit   364 

Chains — Elevator   Balancing    756 

Charges — Positive   and    Negative 668 

Check    Valves    189 

Chemical  Reaction  of  a  Cell 665 


fc 


l  ,i«  r.ir  iMP*otion  '>f  Bob  i 

Chimney*    

I  •liMiiin.-y»— Coal  Capacity  of 

Chimney*    tinuffr   and  Prices   of  ...... 

Chimneys    li'  ii. in   Hid  Dimension*  ■<!     .  . 

ii'ik-iii  i  Dimensions  <if 

Chimney*,  for  Smoke   Prevenllon 

Choked   Admission   Indicator   Diagram 

Choked  Exhaust  Indicator  DliiBnim 
(■inter  Crank   Krqrlne.  , 

ii,  inni  i. in     ,r     |.n,.,  s 1 1.  ■  i 

i  In  nil— External     — . . 

i  'ii '-mi-  i  i  rounded    

i'Ii.  iilt— Internal 

i-lr.  iiliilli.ii    III     II. Mill-    Mull,  r 
■    .ii    l-:i.  . - 1 .  i.     1 : . 1 1 1 -  i  !■ 

1 1ft— II*  i  if  Holler* 

Classes   of   Dynamos 

Clause*  of  Engines 

■ 'i,i  -..--   ,,r  .Mi»i.  rn   Bolb  i«  . . . 

mil in. m  i.r   Btoctrli mi  i 

iii.iiii.in  c,r  i-:i.-.. i ii.i  

i  i,i-  in.- limn  ..f  i-'.m  .1  Water  BmUi 

'   i  ,      in.  ,iii..n   nf  I'limpr.    . 

i  •!.,    -  mi.  ,ii  Mm    ,.i  M.tIiiiiiI.-.iI    SI  ok  era 

Cliix^lll.-ii.ll.ni   nl  S,  iiiiiiiI.iiii      Si, Mm   .in.l    (III 

I'liDiMH'icntiiin  nf  si.Mini  Trap* 

Clasilflentk.il  of  Valve  Clear*.. . 

ci,-.nilng    Bolleni    

rknrillness  of  Dynamo 

(I.  lining    Mini    rirum 

• 'I,  ii.iii.  i    in  cylinder 

.ii...   Lin-  Indicator  Diagram.. 

Closed  Heater 

Closed  si, .iin  Trap* 

i  I,,  ins  Down   Elevators 

Cot]   

Coal— Approximate   Heating   Value.. 

Cool—  a  oaJ)  -i-  ,.r      

CotU— Calorific  Vnliie  i.f 

Coal— Capacity   of   Chimney* 

Coal— Determining  Moisture  of. 
Coal— Sampling  for  Test... 

Cochrane  Feed  Water  Healer 

Cochrane  !•>.•.!   Water  Heater   -Construction  <■< 

Cochrane   Horliontol    aeporntor 

Cochrane  Oil  Sepnrntor. . 

Cochrane     Vertical     Separator        

Cook*    

.  - — Pipe 


tu 

..  a 
...  H 


B> 


IB 


..V 
..SB 


:k»—  Cauge  and  Try 101 

'ki»—  t«ocntlon  on.   Boiler Ml 

..i    Rules  for  Boiler  Trtato,                                                             .  •     Ul 
Coffin   PtanlmaMr  *37 

•  -..fliii    I'liiiiiiiu-it'i      i  >i».-r  -it  1..11    of MT 

Con   Haator  .    ..  Ul 

Column — Water        J87 

Column     Boonomj   ol   Watts  *2* 

iron-    Safety  Water KMU 

Column    Having  i.y  pae  of  Water 2» 

Combination  Qovcrnop  .  C4< 

nlilniitliiri  <;>•■..-  in.  -i  i  .hi. n  ui  i  Ion  of  ..  M* 
•  ■•n — General    Principle*   of   BoflOl  1>* 

Combustion-   Perfaol  MO 

"  -■iriuii'  i.i.il    Rating;   cif    Boiler* 4'.'<> 

Common    Slide   Valve    Kndno .      ...  V2 

Commutator   *»4 

i '..iiniiiiliil.ir      i  i|n  i.illon    at  *»4 

Commutator— Western    Electric   70S 

Comparative  Coat  of  Oil  and  Coal  as  Fuel 1M 

Comparative   Value   of   Fuels 430 

Compass  Magnet*   . . (76 

Composition  of  Fusible  Plugs— Tabic IM 

Compound  Cylinder  and  Valves — Ideal   BngttM     Me 

i  ''.inpound  Duplex   Pumps    «S1 

i '.impound  Dynamo*    In    Parallel 771 

Compound  Dynamo*   In   Series  7^1 

Compound  Dynamo* — Cue  of Kfl 

Compound  Engine    606-462 

Compound  Engine—  -Advantage*  of   «* 

Compound  Knglne     American  Duplex    «10 

Compound  Bngln« — Construction  of  «<w 

Compound  Knglne — Fulton-CorUm  CrON  812 

Compound   Engine   Receiver 007 

Compound  Engine    Bklnner  Tandem  »12 

Compound  Qenerator — Artnatuiv  Cord  701 

i '1.1111111111111  i ;.  nenuor—  llt'imli    Holder    •  ."•• 

Compound  Generator— Cominii tato.ro    70G 

i  •.impound  Qenerator— Field  I'ullx    701 

Compound  Qenerator — Frame 6>7 

Compound  ••••nerator — Inspection   and    'iv«i«  .707 

Compound  Generator— Pole    Pieces     «M 

Compound  Generator— Western    Electric    8S7 

Compound  Generator— Western    Electric-   Construction    of 697 

Compound  Generator— Winding  Armature   .  703 

Compound  Wound   Pyniunn    .  715 

i  'ompoiitidlne    .in     Ruglne |M 

Compounding,  an  Engine — Systems  of J08 

Commercial   Rating  of  Boiler* 420 

Compression  <7urve  of  Indicator  Diagram 828 


TV, 

Condenser*        

Condensers — Jet 

Condensers -Jet— Direction*  for  Inscalllnc -i 

Condensers-  -Surfm  ■•■ 

i  -rui.li'iiiwr*— Theoi  ■>    ..I  

I'liralrlrar-     W.iM     Sc|.:u.it.         . .   4# 

Condensing    Engine    M 

Condition  of  Wutcr  In  Bollor .•« 

Conductors  and  Non-conductor* v: 

CWdvciiiik  i ■  ■  j ■    tor  to  Bolter. 

(■..nii.itliiK    Ilisl  — St.'iim    Eiiglrin. 

Connection*  of  an  urn  Claugc  to  BoD«I 

Construction  of  Armature fl 

Construction  ..f  Huucoek   &   Wilcox   Boiler* 

CniiNlriirtlnii    nt   Cjihnll     Holler  ...... 

Conatructlon  of  Cook  WMor  Tub*   BoHi 

Construction  of  Heine  Safety   Boiler*. 

Construction  "f  Locomotive  Boilers   . 

I'oiiKiriniliiii  of  it-turn    Tubular  Holler I 

construction  of  Vortical  Water  Tub*  Bolli  ■ 

Construction  of  Cell* 

Construction  of  Cell*     Daniel     

OOBOtnWtJOB  of  Oeill  -I-nclanchc  

Construction  of   CimllliK  Tower*    

Construction  of  Dosli  Roll*!  Volvo 

Construction  of  Drum- Armature   

•  "i  iixtrin-l Inn  of  Dap*B  Steam  Pump* 
<'on»l  ruction  Ol  BlOTolOr* — Sltwirn  .... 
Construction  of  Elevators— VertlCHl  Hr4l»ul* 

Construction  of  Engine — Chuse  ContOl    Crotik..  

Construction  of  Engine—  Ideal  Automatic   .  .     . 

ii.oxiin.iioM  uf  Kngir.e — Junior  Vertical    . 

construction  of  I'Yi'ii   \v  iiei    ll.  iter    Cochrane.., 

Construction  of  Feed    Water   HootOr— HoppOO', 

Construction  of  Peed  Water  Heater— Wainwright 

Construction  of  Keed  Water  Heater     Webster 

Construction  of  Oonoroton — Western    Bleetrfc    compound.. 

Construction  of  aovamors— Combination  ..SO 

Construction  of  Governors— Inertia    ... 

Construction  of  Oovernore-^Iunior  Inertia    . ,  u< 

i  •mi*  t  ruction  of  Governors— Pendulum  or  Fly  Ball.. 
Construction  of  Governor* — Shaft    .. 

Construction  of  Hand    Hole* .     j; 

Construction  of  Fusible  Plug*    l 

Construction  of  Indicators     

Construction  of  Indicator*— Crosby 

Construction  of  I  miles  tors— Steam  Engine  .  .|tf 

Construction  of  Indicator* — Tabor    

Construction  of  Injector— Metropolian      

Construction  of  Injector — Pemberthy 


SI 

;; 

■-> 
? 


Page. 

Construction  of  Live  Steam  Purifier—  Hoppea 848 

Construction  of  Lukenheimer  Pop  Safety  Valve 1ST 

Construction  of  Magnet  Controller— Marine   796 

Construction  of  Electric  Meters 687 

Construction  of  Reducing  Wheel— Crosby  $53 

Construction  of  Reh eat er 609 

Construction  of  Water  Column  227 

Construction  of  Separators — Bundy  Steam   and  OH 350 

Construction  of  Separators — Detroit  .  364 

Construction  of  Steam    Traps — Albany    Return 365 

Construction  of  Steam  Traps — Branch   360 

Construction  of  Steam   Traps — Bundy   36! 

Construction  of  Stoker— Detroit  3*1 

Construction  of  Valve  Gear— Corliss    542-564 

Construction  of  Valve— Safety    93 

Construction  of  Water  End  of  Steam  Pumps 626 

Control  of  Safety  Valve— 1\  8.  Government  Regulation 906 

Control — System   of — for   Electric   Elevators 786 

Controller— Electric  Elevator   768 

Controller — Jones 802 

Controller— Marine   Magnet    796 

Controlling  Cable — Marine  Magnet  Controller 797 

Controlling  Device — Elevator   766 

Controlling  Device — Vertical  Hydraulic  Piston   Elevator 766 

Controlling  Water  Supply   In  Feed  Water  Heater 336 

Convenient  Piping  for  Fusible  Plugs 107 

Cook  Boiler— Water  Tube  283 

Cook  Boiler — Construction  of 2SS 

Cooling  Tower 699 

Cooling  Tower — Construction  of 603 

Corliss  Engine — Types    of    663 

Corliss  Engine — St.  Louis   569 

Corliss  Governors     566 

Corliss  Valve  Gear  642 

Corliss  Valve  Gear — Construction   of    642-664 

Corliss  Valve  Gear— Description    of 654 

Corliss  Valves — Adjustment   of   649 

Corliss  Valve — Adjustment  Instructions   , 660 

Corliss  Valves — Mechanism    for    Operating 646 

Corliss  Valves — Types  of  640 

Cornish  Boiler SS 

Cornish  Boiler — Advantages  of   86 

Cornish  Boiler— Defects    87 

Counter  Balancing   for  Electric    Elevator 786 

Counter  Balancing  Weights — Elevator    766 

Counter  Weights— Elevator 758 

Coupling  of  Alternators    721 

Coupling  of  Dynamos     715 

Coupling  of  Pipe     Igj 

Crane  Reversing  Engine— Steam   Cylinder  of 760 


Pip. 

Cnat  PS* — ««n  Dw»     «T 

Crank  Shaft     Man*  Vain  — PM «T 

Crank  of  tuns  g*«y*T— HT 

Creator  **»jh.  ">»y»  "^'■■-'■- K 

Cmahr  Ste»a»  Rig  nit  nnlli-iti»»— O—rracn—  -tt Hi 

Cro»  by  gidiii  ma  "^uwi B 

Croaa  C  ill  inn  f  Enarm- — it   ^an  D«iUaL (1! 

Croaahead  SBae  Tiiv*  Eugiiac Si: 

CruauluaJ  of  Steam  Bunt. W 

Crow   Foot  Star* II 

Current — Alterocisg  W 

Current — Alteram* — Peanuts—   at  ST 

Current — Altemmaic  afcdMal  !S 

Current— Cydea  TT 

Current  or  Dynaarie  ISiKCmt? . .  W 

Current— DwbbMm  af W 

Current— Eddy TC 

Current— Electricity «t 

Current — Frequency  uf TJI 

Current — Induced Ml 

Current— Self  Induced T« 

Current— Tramtauii     TtT 

Current — Transformer— AfajuKBCMB  at  .  TIT 

Current — Transformer— Bum  —iuiT  Pars  if  TIT 

Curt  In  bumper  Regulator X~ 

Curl  In  1  Hamper  Regulator — Ofu^ca— :    a" J*T 

Curt  In  Balanced  Trap   KT 

Ciirlla   Steam    Turbine Ml 

Curl  IK    Hteam    Turbine.    Vertical  Type  »»l 

Ciirlla  Hteam  Turbine.   Stea~Br<artag   -    -  »•! 

Curl  In    Mleam    Turbine.    Goverwc W 

Ciinlilori  Ilaton  of  Purapa «S 

Cul  Away   Boiler  Front ITS 

Cut  Off    of    Engine ITi 

Cut  lift  Indicator  Diagram *$ 

('ill  I  In*  Boiler  Into  Service 51 

Cyi-lti  of  Operation— Compreaal on  Sate S<* 

Cycle  of  Operation— Condensing  SMe    S» 

Cyc|«  of  <»perat  Ion— Expansion  Side tf 

Cycle  of  Operation— Mechanical   Rexrlgmtaua    MS 

Cycle*     Current    TIT 

Cylinder     llrownell   Automatic  Engine iU 

Cylinder     Admission  of  Steam  to 4M 

Cylinder     Chun*  Engine  S!^ 

Cylinder     Clearance    *T> 

Cylinder  tit   Engine   4« 

Cylinder  Head*  of  Engine 4* 

Cylinder  Jacket     Slide   Valve   Engine 5«J 

Jyllnder    Newenmcn  Engine  *• 

Jyllnder    Wall  Engine— Closed «•> 


I'ilff". 

t'yliiidricstl  Holler    fi 

Cylindrical  Boiler— Defects  of   32 

D. 

"D"  Slide  Valve  and  Steam  Distribution 472 

Camper — Furnace    233 

Damper — Regulator— Automatic   233 

Damper — Regulator — Curtis    387 

Danger  In  Safety  Devices 108 

Daniel  Cell    671 

Daniel    Cell— Construction    of 671 

Dash  Pots   554 

Dash  Relief  Valve   for  Pumps 771 

Dash  Relief   Valve— Construction   of 771 

Davis  Steam  Trap     367 

Davis  Steam  Trap — Construction   of    367 

Dead  Plates  231 

Dead  Weight  Safety  Valve : 95 

Deane  Direct  Acting  Steam  Pump 641 

Defective  Design  of  Boiler — Cause  of  Explosions 262 

Defective  Workmanship  on  Boiler — Cause  of  Explosions 263 

Defects  of  Cylindrical  Boiler  32 

Defects  of  Cornish  Boiler   87 

Defects  of  Newcomen    "Balloon"    Boiler 27 

Defects  of  Savery  Engine   456 

Defects  of  Watt  "Wagon"   Boiler , 31 

Definition  of  Alternation    *. 737 

Definition  of  Cycles    737 

Definition  of  Dynamo  or  Generator 740 

Definition  of  Electricity    663 

Definition  of  Elevators   766 

Definition  of  Frequency   739 

Definition  of  Horse  Power 108 

Definition  of  Indicator    816 

Definition  of  Mechanical    Refrigeration    862 

Definition  of  Steam   Engine   456 

De  Laval  Steam   Turbine 980 

De  Laval  Steam  Turbine.  Description 982 

De  Laval  Steam  Turbine.   Governor 988 

De   Laval   Steam   Turbine,  Test    with   Superheated   Steam 989 

De  Laval  Steam  Turbine.  Table  of  Steam  Consumption 990 

Definition  of  Types   of  Engines 461 

De  La  Vergne  Horizontal  Ice  Machine 883 

De  La  Vergne  Horizontal    Ice  Machine — Description  of 883 

De  La  Vergne  Refrigerating  System    883 

Depolarization    of  a  Cell 666 

Deposit — Removing  from  Boiler 267 

Diagrams — Indicator    821 

Description  of  Corliss    Valve   Gear 564 

Description  of  Curtis    Damper   Regulator 387 

Description  of  Ellison    Freight    Elevator 811 


Description  of  II. |.|.-        EslMOVt    St.-nm    rVrd    Water  Heater 

Design  of  Joints  

t>eslsn  of  Stay*   

Q,  l:ilb,    of      Vnlv*        l.Jr-«[     Knifllv  

i >.  1. 1 'iiM'Miiuii  oi  Bolli  i •■ 

Deterioration  of  Mi.tal—i'auxi-    of    Explosion  ...            ..X 

Detroit  Horizontal  Contr  If  nun  I  Si-pmutur     & 

Detroit  Horizontal  Centrifugal  Separator— Cut  .  iU 

Detroit  Stoker     

Detroit  Stoker                        lion    or  ..  m 

Dr-Cnll     Vill!i:il     Sr'pnl.'llnr  .        .  .  .  JB 

D»Vclopin<nl    nf  Steam   Roller V 

iocs— Controlling,    for  Elccti-lcul    l-'.l.-i.itm  IK 

Devices— Controlling,   for  Vertical  Hydraulic  FMi  n  > 

ices— Controlling  Elevator  

•        »■■-:■  1 1     C  ir     !t:lf.  I.  » 

Dsvices—  Br  -valor  

n.ilees— To  CJrlji  Ralls—  Pratt  Eh-vatm-  Kaf.  ty 

Diagrams— Indicator    

Diagonal    Draco    

I  HnVnwit  Typos.  ..r   [Tyrniwifl    Treti  nf 

MnMUlOM  nf  Holler— '.'0    Hmw    Power 

Dimensions  of  Boiler— l'S    HOTM    Power 

Dimensions  nf  pipe   

Dimensions  of  Qai  and  Water  Pipe 

Direct  Aiiink'  Pumpi 

I'ii..t   AitlriK    Single    fjllinl.  i     Pump.-. 

Dlti-rl   i  r'oiiw  .  i.-il     Kli'i'li-lc     Elevator 

Direct  Contact  Open   Heaters  

Direct  Expansion  System  of  Refrigeration     

Direct  Expansion  or  it.  tfrlgeratlon— Advantages     

Dtreci  Expansion  System  or  Refrigeration-  Disadvantages    . 

Dlrvc.t  Expansion  Byatein  -  illull — Ktoentlal     Pan 

.1       lll.lll.il        Villi-!- 

Direct  Stays 

Directions  for  Care  and  Operation  of  Oils  Elevator HI 

Directions  for  iv-nn--r|lng    Steam    Whistle  "ii    Doll    I 

llln-rtloMM    f.-i     P-iamlllK    I"    HollCI 

Directions  for  Installation  of  J-i  

Directions  for  Operation  of  Pumps 

Directions  for  Selling   Valves        ltnrnliam    Pumps **• 

Disadvantages—  Bucki -. .     Valve  c-.ir 

.nii.ri-     iiii.ii  i-\: !..n  s-.  lafrigeratlon 

Disadvantages — Internal   Furnace   

Disadvantages — Locomotive   Boiler       

Disadvantage*—  Mechanical    Stoker" 

Disadvantages— Open   Dlr.-e-i   Contucl    Peed  Water  Heatsra !U 

Dlaailvaniagea — Return   Tubular   Bollei 

Disadvantages— Water  Tube  Boiler 

Double  Acting    Engine    


Page. 

ouble  Admission  Indicator   Diagram 829 

ouble  Cylinder  Double  Friction  Drum— Hoisting  Engine 897 

own  Draft  Furnace  for  Smoke   Prevention 147 

own  Draft  Furnace — Smokeless — Specifications  for  322 

own  Draft  Furnace — Specifications  for    802 

raft — Artificial    188 

raft— Mechanical 188 

raft— Natural   184 

Taf  t  Water  Gauge 141 

>rop  Pipe   Heating  System 397 

Turn  Armature  742 

irum  of  Boiler (0 

>rum  of  Sterling  Boiler  290 

)ry  Steam— By  Use  of  Water  Column 229 

motility  of  Boiler  Material 88 

>uplex  Compound  Engine — American   810 

niplex  Pumps 622 

)uplez  Pump  Adjust  Valves 623 

Duplex  Pumps — Construction  of   648 

durability  of   Boilers — Increased 229 

dynamic  Electricity 663 

Dynamo    707 

Dynamo— Alternating  Current   736 

Dynamo— Brushes   of    783 

Dynamo — Brushes  of — Sparking  of 733 

Dynamo — Classes  of  709 

Dynamo — Cleanliness  of  731 

Dynamo — Compound — In    Series    721 

Dynamo — Compound — In   Parallel    721 

Dynamo — Compound    Wound 716 

Jynamo — Coupling    of    716 

Dynamo — Coupling  of  Alternators 721 

Dynamo— Definition  of   740 

Dynamo — Failure    to   Generate 733 

Dynamo — Failure    to  Generate — Remedy   for 733 

Dynamo — Installation  of 731 

[Dynamo — Methods  of  Measuring  Current 721 

Dynamo — Operation    of    731 

Dynamo — Self    Exciting    716 

Dynamo — Separately   Excited    716 

Dynamo — Series    713 

(Dynamo — Series— In    Parallel    719 

Dynamo — Series — In  Series   719 

Dynamo — Shunt— In  Parallel    719 

Dynamo — Shunt— In  Series  719 

Dynamo — Shunt  Wound  713 

Dynamo— Stopping    733 

Dynamo — Theory  of   the 690 

Dynamo— Types    of    711 

Dynamo — Use  of  Different   Types 721 


i.i'iiiiiimii.     i  .iiiii   if^^^^^mmmm 

BcoBooInr 

DcoDonj  of  Pml  Wairr  i •  •  - 1  - ■  ■  ■ 

Economy  nf  u   Iti-hcatcr   

■   urrcnln     

:..i.|..    Cumal        Prevention    of    ... 

BffMl  ,.r  Oovarnari  . 

KIT.  •■<.  of  l.n| v«h- 

Bfttetency  of  Boiler    

Rfffc  i Tcata  nf  Bella 

Kffn  i.  ii. ■>   -if  I'uniliiiKllun— Tml     .. 
ICffli'li'iii-y   'if    l(i>frlK"ii><iiiK     I 

Efficiency  of  8Uum    BBgiDI     

Ell.ow       f  "1 1--  ...... 

Boon     .-;n..  i      . 

i-:i,,  in.-  BMUcM    

Kli-i-iili-   lioil.-i    I-'  ..I   ]'nni|. 

EEte<  m.    CkjOl  

"in- Positive   and    N<| 

i  '..i. 1 1. ,11.  ra  fur  Hi 

l-'.li  .-li  |C   i  till  i'  nt     

Kl. .  trio  Elevator     

1:1.     hi.    i;<  n.-iiitorn     

l -: I . ■ . - 1  r  i -     Meimurements     

ki.  .nl.r  Me»«ur*ment»—  Ampere 
ul.. -ill.-  Measurements — Aiih1(«v  ol 
Electric  Measurements— M<ti,...i    « 

I'.l.   ill   h'       \|.   ..      Ml.    III.    Ill    ■         l   H.lli 

D< '  i  rlo  Mi  •   "i  • ii  —▼•11 

Electric  Measurements — Wall 

II.  .ii  It  I'l.ii..  M.i.  liinea   

EJoctrlc  s.-n.  ■  


Page. 

Electro  Motive  Force — Virtual    "45 

Electro  Motive  Series    S70 

Electrodes    669 

Electrolyte    669 

Elevator — Automatic  Stops  for 807 

Elevator — Automatic    Limitation    Stops   for 809 

Elevator    Belt    760 

Elevator— Belted  Steam   Freight 762 

Elevator  Belts— Care  of   784 

Elevator  Belting-- Horse   Power  of , 784 

Elevator  Cables — Care   of   781 

Elevator  Cables — Lubrication   of    782 

Elevator  Chains— Balancing    7S6 

Elevator — Classification   of    755 

Elevator — Closing  Down 783 

Elevator  Controlling    Devices    756 

Elevator  Counterbalancing   Weights    765 

Elevator  Counter  Weights    756 

Elevator — Definition  of  755 

Elevator — Electric    785 

Elevator — Electric  Controllers   768 

Elevator— Electric — Controlling  Devices  for 786 

Elevator — Electric — Counter   Balancing   for 786 

Elevator — Electric — Direct  Connected   785 

Elevator — Electric— Engines  for    786 

Elevator— Electric— Indirect    Connected    785 

Elevator — Electric— Marine  728-792 

Elevator— Electric— Miller    804 

Elevator— Electric— Mollne  Direct  Connected   Freight 805 

Elevator— Electric  Motors   785 

Elevator — Electric — Otis  or  Crane — Directions  for  Operation 788 

Elevator — Electric — Systems  of  Control   for 786 

Elevator— Electric— Transmitting    Device    786 

Elevator — Ellison  Screw  Gear 811 

Elevator— Frieght— Belted   Steam    762 

Elevator — Hale — Care  of   779 

Elevator — Horizontal    Hydraulic   Piston 76S 

Elevator — Horizontal   Hydraulic— Construction    770 

Elevator — Horizontal  Hydraulic — Parts    770 

Elevator — Horizontal  Hydraulic — Safety  Limit  Stops  for 771 

Elevator — Hydraulic  764 

Elevator — Hydraulic— Lubrication   of   783 

Elevator — Hydraulic — Plunger    765 

Elevator — Jones'  Controller  for  802 

Elevator — Legislation    for    760 

Elevator — Limit    Stops    on 758 

Elevator — Limit    Stops   on   Motors   for 758 

Elevator — Marine    Electric    728 

Elevator — Marine  Electric— Construction  of 728 

Elevator — Mollne  Direct  Connected  Electric  Freight 805 


Pm 

Elevator— Otis  Gravity  Wedge  Safety 774 

Elevator — Overbalanced    IB 

Elevator — Overhead  Sheave  Boxes  of JE 

Elevator— Packing  Horizontal  Hydraulic TS 

Elevator— Packing  Vertical  Cylinder T3 

Elevator  Parts  of  Cage  or  Car 7TT 

Elevator — Pilot  Valves  for 7B 

Elevator — Piston  Type   Til 

Elevator  Plunger  7« 

Elevator— Principal  Parts'  79 

Elevator  Safety  Appliances   Hi 

Elevator — Safety   Devices    7S» 

Elevator— Steam     7» 

Elevator — Standard   Plunger K 

Elevator — Steam — Construction  of 711 

Elevator— Slack  Cable  Safety TSJ 

Elevator — Useful  Information  About TH 

Elevator— Vertical  Hydraulic  Piston 7« 

Elevator — Vertical  Hydraulic  Piston-— Construction 744 

Elevator — Vertical  Hydraulic  Piston — Controlling  Device 744 

Elevator— Water  for  Use  In  Hydraulic 7B 

Elevator — Worm  Oearlng — Lubrication  of 711 

Ellison  Screw  Gear  Freight  Elevator »11 

Ends  of  Steam  Pumps S3 

Engine — American  Duplex  Compound (N 

Engine — Automatic    4» 

Engine— Base     4*7 

Engine — Brownell  Automatic  SW 

Engine— Brownell  Slide  Valve SM 

Engine — Buckeye  SM 

Engine — Classes  of 411 

Engine — Chuse  Center  Crank til 

Engine — Common  Slide  Valve 47! 

Engine — Compound  (05-44! 

Engine — Compounding— Advantages  of  (05 

Engine — Condensing     444 

Engine — Crane  Reversing    7» 

Engine — Cylinder    4« 

Engine— Definition  of  Types 4(1 

Engine — Double  Acting 444 

Engine — Electric  Elevator 714 

Engine— Fly    Wheel    of 4M 

Engine — Four  Valve    478 

Engine — Hamilton  Corliss  '. 574 

Engine— Hoisting   t>7 

Engine — Harrlsburg  Four  Valve 174 

Engine — Horse  Power  of 4J4 

Engine — Horse  Power  of — To  Increase MO 

Engine — Ideal    Automatic    til 

Engine — James  Watt   440 


Engine— Junior  Vertical  "*<1,: 

Engine— Mclnlosli-Seymour  BIS 

Engine— Mclntosb  -Seymour.  Vertical  Croas  Compound 612 

Engine— Lining  J** 

Engine— Murray  Corilaa  "J 

Engine — Newcomen — The  

Engine — Non- Condensing   4S? 

Engine— Ordinary  81M«  Valve— Specifications  for 602 

Engine— Ordinary  Slide  Valve— Slse  and  Horse  Power  of 602 

Engine— Parts  of  Steam 4*4 

Engine— Porter  Allen  High  Speed 678 

Engine— Reciprocating— Parts  of  ™6 

Engine— Reciprocating— Steam    **> 

Engine— Right  Hand  J00 

Engine— Rotary      ™- 

Englne—  Running    Over    6»« 

Engine— Savery—Thfl    *•* 

Engine— Steam— The   4B* 

Engine— Steam— Efficiency    "' 

Engine— Simple    *~ 

Engine— Single  Acting    «• 

Engine— Single    Valve    «■ 

Engine— Slide  Valve*   «« 

Engine — Steam— Indicator    "** 

Engine— Steam— Indicator— Crosby  843 

Engine—  Steam— Indicator— Tabor "67 

Engine— St.   Louis  Corliss 669 

Englne — System    of    Compounding «0« 

Engine— Tangee  or  Porter- Allen «8 

Engine— Throttle   and    Automatic *** 

Engine— Triple  Expansion    "- 

Engine— Types  of  Corllsa ** 

Engine— Uses  of  Steam •••  «» 

Equivalent  Evaporation   "-"'' 

Erection  of  Boilers— Babcock  and   Wilcox -»* 

Essential  Parts  of  Boilers  J* 

Essential  Parts  of  Direct  Expansion  System "7  < 

Essential  Parts  of  Injector   or   Inspirator 221 

Essential  Parts  of  Motors  ** 

Essential  Parts  of  Steam-  Engine  Indicator 818 

Essential  Parts  of  Transformers   '"•' 

Evaporation   Coll-Mechanlcnl  Refrigeration tM 

Evaporation— Equivalent    «» 

Evaporation— Factors   of    

Evaporation— Rule    

Example  of  Application  Factor  of  Safety 79 

Excessive  Back  Pressure— Indicator  Diagram  Showing 829 

Exhaust  or  Back  Pressure  Heating  System 397 

Exhaust  Closure— Indicator  Diagram   Showing 8.5 

Exhaust  Line— Indicator  Diagram   Showing 825 


Pa*' 

Exhaust  flteom  Food  W.ii.r   i  r .  ..■.-.  — Hoppea' J» 

Explanation  ot  Cam.  i    :.  Pump.  -  Bl 

:  .nation  nf  Boon  Implex  Steam  Pump 81 

iii.n.n  Conn      h'.ii-. .!,,!•   Diairrnm   BbOWlflS Vt 

KxiMitmlon    of    Steam 

Expansion  Volvos    .  JB 

Explosions— Causes  of  Holler  SB 

■jBtBrton*— Cause*  of  BOlltf'   DtfMltva   Design   W 

Kx  plosions — Causes  of  Boiler— I  WCMlll      WOI  kmanshlp    SB 

Explosions — Cause*  of  Boiler—  Deterioration   of  Metal 

Explosions — Causes  of  Bolh-r     Incompetent    AttfiMIH    SB 

Kx  plosion* — PmittlUOn  04    1  -  - .  1 1 .  •  r -  JH 

BnpTumluua   IftsapoMlbttUy  tor  Holier ..SB 

Ivvi.ilor  of  Holler Ml 

Externally   Fired   Boiler -IB 

Extra    Soft    8(1.  I .    B 

External  On- nil tti 

F- 

PKotor  of  gnfety— Apph.  iii.ii    nf    :> 

nuten  "f   Evapoiatlon (9 

Failure  of  Dynamo  to  in  ni  .i-  T» 

Failure  of  Dynamo  to  Oeneruti-—  Remedy  fur    TJJ 

I'" Wnl.  r       II.. II.  i  .   an 

Feed  Water  Heaters   

Feed  Water  Heaters— Classification  .rf   

Feed  WWW  Heaters— Closed   

Feed  Water  Heaters— Coll     

I  ...1  Water  Heaters— Dltci    Contact    Open 

Feed  Water  Heaters— Direct   Contact   Open     I  ii.-.olvsntajrea  "f 

I     ad    '■' i  l-nters—  Economy  of    

I  .  1 .1  Water  Ileators— Exhaust    Steam— Hoppes'    10 

Feed  Water  Heaters—  Locution    of 

Feed  Water  Heaters- Object  of 

Feed  Water  Heaters — Open  

i  ■  •■'   v.  .:..    Heater  and  r-nrifW— Cochrane   .  SB 

Feed  Water  Heater  an. I   Purl  Iter     Webst.  ■ 

Feed  Water  Heater  and  Purifier— WelnwrlKliI  .    .  in 

Feed  Water  Purifiers   JH 

I "•  • . I  Water     Itogulntlons  of ,    .  JB 

ptUIng  (hi    Bollai .      tiAyu. 

Field  Colls— Compound  Generator  

Field  Magnets 

Fire    llox—  Sleel (, 

FJroClnv   

Firemen  Rule*  for  l»w  Pressure  Heating 

Filling*  —  Holler— Specification*   fot    ! 

Fittings— Holler— Speolflcatlons   for  SB   H      r 

Fittings—  Poller—  Spool  lieu  lions   for  Horizontal   Return   Tubular... 


I 


Pa* 

nttinjp.-1-ii...  ,. in 

Fixed  Carbon   In  Coal  **0 

dCul    Off    dears M» 

Flange  or  Boiler  Steel M 

Oases—  \nalysie  of 441 

h — DbMMlotM   'if    1  !■ -H.-r-  M 

-Number    t> 

B-lIse    SI 

or  Full  Arch  Boiler  Front IT* 

Hall   <;.v.rn.iv.  624 

c .mc ii. ir. — i tonttrui  tin  of  *'+ 

4M 

, ■■•  «* 


n; 


Fly  Wheel  Pump*    

Foaming  In  Boiler    tU 

ink  iii  BoOar    Dta i  U m  iter  Pn  wbI 2*6 

•<1    UUxl    Heating    401 

farced  Draft— Irfwomotlve   Boiler    47 

Foundation  for  Boll,  i                                                           1«» 

Koiiiiii.iti.ii.  Beating  B0II1  r...                                                 Ml 

Koiir     \'.-i  1  ■-  .■     KiiKIni-      676-470 

Pram.-     I'luiw  Knglnn 61! 

Frame — Brownell  Automatic  Engine   .  .604 

i.ie — Compound  acnerntor    ..   417 

Ill 

Fr..i*iit  Eleratoi     Baited  Steam  

Freight  Elevator— Belted  Steam—  Pari*    

—Definition    of    . .  TM 

it*— Boiler   171 

Pronto    Boner— Cut    Away    ..  176 

I loil.  i      Flu* ■   Full    Arrh 171 

Kroiiis     Bollei      Overhanging  oi    Half  Arch 176 

i  t»— Boiler— Material  for 171 

Fuel  — Qaa  or  Oil  o> — 2M 

Comparative   Value  of 410 

Pulton-Corlbw  Croea  Compound  Engine 612 

limenta    -• S2B 

Furnace— Bridge    Wall    2M 

Furnn.ee     H,"ii|„r        .  ..  211 

.ir.'     II...II 320 

Down   Draft    117 

.       -Down  Draft— Specifications  for 102 

Furnace— Down  Draft— Smokcleiw— Specifications  for 1X1 

Famaci     Orutra    220 

i.r     .Mrih.iiii.nl   Stokers 233 

ii.k-.-  -Ii.iuni  Tiiliiil.ii-  Bollei 44 

Furnace    Wickee'   Boiler   

FualM.    Plug     (*-ire  of....      10] 

Fusible  Plug    -Location   of   .......  .....   IM 

Fualblc  Plug— Conxti  notion    of    107 

Fusible-  Plug    Compoaltlon  and  Melting   Points 10S 


pie 

Fusible  Plug — St.  Louis  Ordinance W 

Fusible  Plug— Use   of    1* 

Fusible  Plug— Table  of  Composition M 

O. 

Galloway  Tubes  » 

Galvanic   Cell    « 

Gardner  Governor   52S-53 

Gas — I llu mi nat ln«    01 

Gas— Natural 1M-4K 

Gas— Natural— as  Fuel 1H 

Gas  and  Oil  as  Fuel » 

Gas  and   Water  Pipe — Dimensions  of % 

Gases — Flue — Analysis  of  W 

Gate  Valves  » 

Gauge  Cocks    101-JC 

Gauge  Cock*— Ball    IK 

Gauge  Cocks— Mississippi    Mi 

Gauge — Draft  Water Ml 

Gauge  Frame JS 

Gauge  Glass   10I-MT 

Gauge  Glass — Connection  of   IK 

Gauge — Pressure    K" 

Gauge  and  Prices  of  Chimneys W 

Gauge— Quick  Closing  Water Ml 

Gauge — Steam  •• 

Gauge — Steam  Pressure H* 

Gauge — Vacuum   I* 

Gears — Buckeye  Valve 540 

Gears — Corliss  Valve    M! 

Gears— Corliss  Valve — Construction  of  542-554 

Gears — Corliss  Valve — Description    of    554 

Gears — Corliss  Valve — Types  of- »S3 

Gears— Fixed   Cut    Off MJ 

Gears — Joy  Valve    65* 

Gears— Marine   Electric    Elevator    'K 

Gears — Radial    55* 

Gears — Reversing  5J» 

Gears — Reversing  Valve   65$ 

Gears — St.   Louis  Corliss  Engine Sis' 

Gear  Valve    S» 

Gear  Valve — Classification  of SJJ 

Gear— Variable  Cut  Off B» 

Gear  Worm — Lubrication  of 7S2 

General  Care  of  Boilers  and   Connections !K 

General  Principles  of  Combustion 1M 

Generation  of  Electricity «C 

Generator — Compound    0* 

Generator — Compound — Armature  Cores WI 

C>'nernlnr— Compound— Brush    Holders    "*5 


Page. 

Generator— Compound — Commutators   705 

Generator — Compound— Field   Colli    701 

Generator — Compound — Frame    697 

Generator — Compound — Inspection  and  Tests  707 

Generator — Compound — Pole  Pieces  899 

Generator — Compound — Western  Electric    697 

Generator — Compound — Western   Electric — Construction   of 697 

Generator— Compound— Winding  Armature  of 703 

Generator— -Definition    of    740 

Generator— Electric 69:! 

Generator — Electric— Wagner    728 

Generator — Western   Electric    728 

Getting  Up  Steam  on  Boilers 267 

Girder — Engine  Frame 468 

Globe  Valves 187 

Gooch    Link— The    558 

Governors   623 

Governor — Browne  11  Automatic   604 

Governor— Buckeye     683 

Governor — Chuse   Engine    518 

Governor — Combination    536 

Governor — Combination — Construction   of   638 

Governor — Corliss    565 

Governor — Grip — Pratt  Car   Safety 801 

Governor— Fly   Ball    524 

Governor — Gardner   626-628 

Governor — Inertia   532 

Governor — Inertia— Construction   of    534 

Governor — Junior  Inertia  534 

Governor — Junior  Inertia — Construction  of   634 

Governor — Marine — Electric    Elevator    801 

Governor— Methods  of 623 

Governor — Operation   of    523 

Governor — Pendulum  or  Fly  Ball    624 

Governor — Pendulum  or  Fly  Ball — Advantages  and  Disadvantages  of  652 

Governor — Pendulum  or  Fly  Ball — Construction    of    624 

Governor  Pendulum  or  Fly  Bail— Effect   of    624 

Governor— Porter  526 

Governor— Shaft 530 

Governor— Shaft — Construction   of    530 

Governor — Stop  Motion  560 

Governor — Use  of   523 

Grate  Area    85 

Orate  Bars    231 

Grate  Surface  of  Boiler 86 

Grates — Furnace    229 

Gravity  Wedge— Safety 776 

Gridiron  Valves   568 

Gridiron  Valves — Arrangement  of 569 

Gridiron  Valves — Disadvantage  of 558 




— Elevator— I.iihrl.  Blfofl    of 
fiussct  Stay*  


ftc* 


H. 


s 


Hale  Elevatora— Car*  of 

Hammer  Teat  of  BoHm 

n  until torllM  Bng1n« 

M.i-iiMi-t  [btptimtor   

!    I  tOll       '  ''•!:'  I  ii.    II. ill     ..f 

burl  I  qui   v.ii'  i    Bngine,         ...........  tH 

Hartford  Statua  Boiler  [napectlon  and  Insun •■■•     Rulaa  of. -Ml  1 

nini   rurin.r— Pittsburgh    

Beaten — Feed  Water     

Hcoters — Kced  Wnlcr     Cll  Ot 

H.-nUrs     Feed  \V:i-.t-  i  SQMd 

Healers— Feci  Water— Coll 

m   .,,,-. — Feed  Water— Economy  of   - .  

rleateri     >■'... i  Water— Object    of 

.  is-  K.'.il    Wnl"     H|icn 
11,  ■■,1.1        I,  ..I    IVjI.t-  Open— l)li.  ■  i    i-.,in:i.i 
Heater*— Feed  Water— open     Dlrael   Contact     l>i««4vMiitAjr»   • 

I  latere— Feed  Woter— 1-ocatton    of 

Hinting— Boilers 

Heating— Cent  ml    Station    

IK-iitliiK  — InHiilnllnn  :m<l   f"oet 

ElMtUng     Forced  Blast   ...     . 

Heating  i"i.-i  iii    i '.,1111,1.1.     B| Iflcattoni  r.-,r  i 

He.'itinK  Plant— i.uw  i'rim»ur»    Specifications  f« 

ll eating   -Radiator*   for    

Heating;— Steam  and  Hot  Wat.  r 
Heating  Surface    of    Holler 

ii.  atlag  Surface    Ruli ■-■  to  find  

Heating  Surface— Ratio  of— To  Orate  Ami-. 

Heating  Surface — Per   Horse    Power 

M.  iiing  System— Exhaust  or  Hack  Pretwire 

Healing  System — Drop   Pipe  

Heating  System-     Hoi    Water 

Heating  System— Indirect    Hot    Water 
1 1-  itlng  System— One    Pipe    .. 

Rooting  System — Separate  Return 

Heating  System — Vacuum    

Heating  System— Webster   v.u-umn 
l  r ■  ■  i " •-  Safety  Boiler— Construction    at 

Hi-it'lii  :itul  Dimension*  of  Chimneys  

Height   and  Dimension-  of  Chimneys 

1 1.  1 1,>   Stenm   TurMn*    

Holsllng  Engine 

Rotating  Engine    six.               Dt-nenalonl 
Hoisting  Engineer*     


Page. 

Hoisting  and  Portable  Bngtnoora   BUrnals  --8» 

Hoisting  and  Portable  Machine* W 

Hopfif-.'  Exhaust  Steam  Peed    W  tier  Heater    JM 

. •- 1 . . n s :- f  Steam  i""i  Water  Heatei  Hi 

~'  Bxheual  Strain  Feed  Water  Heatei     D      i-i of  **» 

Hoppca'  Live  Steam  Purifier— Construction   of   JO 

Hoppon'  LJre  Steam  Purifier— Setting  and  Connecting.  . ...  1*4 

Hooker  Dltn-t  A'-img  Stfun  Pump  • 

IsonUI  Separator— Cochrane    885 

/.outal  Separator — Detroit   Centrifugal  JM 

Horizontal  Return  Tubular  Boiler— SpeclflcaUana  for 295 

Horizontal  Tubular  Boiler— Specifications  for  S14 

Horizontal  Tubular  Boiler— Table    01    smih.      i  .  ■ .-     173 

II ..Mi-.'  ui. it  Ilytli'iiiilii-  Elevators  -Packing,   of  

BartMBtal  Hydraulic  Piston  Elevatora        Tee 

Horizontal  Hydraulic  Piston  Elevators— Construction    of    710 

Horizontal  llydrnulli    PlatOII    BlevatOTe— Paris  of    TO 

i  >iii  Klevatora    BaftO    Limit   Stop*  on 771 

How  Power  of  Belting  784 

Horse  Power  of  Boiler    .  10S 

Horae  Power  Of  Bollei      rest    of      4J& 

Horsa  rower— Bfftelencj   of   Boiler  in  4  i 

Horse  Power  of  Engine    4*8 

HorMi  Power  of  Engine— To  Increase    600 

Horsa  Power — Formula  to  Kind  497 

Hone  Power— Heating  Surface ,per  IIS 

llocao  Power— How    t..    Find— Example  ., 4»7 

Horae  Power—  How   to  Find— Solution 4»7 

Hone  Power     Rulo   to  Find..  111-497 

Horse  Power- Standard   Rating  Of   Boiler  Ill   12" 

Horse  Powor—  Unit  of  .....    .  .    ..  410 

iloma  Power— Wat  U'  Definition  of  114 

Hot  Water  Heating   . , . .  J»4 

Water  Heating    .    mi 

il   1  Water  Heating— Indirect   403 

.•iil.illiif    Rodurlng    Minion   .  .n    In.  I!    ■  t •>■- 

I(.iw  in  care  for  Elevatoi   Cable*  .  tm 

How  to  Pack    Hydraulic  Vertical    Cyllndoi    (GIovstoM  ,  T71 

Hydra  levator" 7*4 

llvilraullc  Elevator     Lubrication  of   Tit 

My.l  vator—  Pilot    Valve  of  74* 

Hydraulic  Elevator     Water    for    .  T8J 

Ullc    l  l"i  Izonl     I  I  .i.  ■.     •.,, 

Horizontal  piston  Bio  itor    '  ••-instruction  of  770 

Hydraulic  Horizontal  PIkIoii  rcievntw      Parts    ..r       7** 

Hydraulic  Horizontal  Piston  Elevator— Safely    Limit   Stop.  771 

Hydraulic  Plnngei    Elevator    Ttt 

llvdr. .'.is.  Vertical   Cylinder   Elevator    How    t"   Pack TTS 

lullc  Vortical   Piston  Klevntoi      Construction    »f    ..  ..  TM 

Hydraulic  Vertical  Piston  Klii.it.n      C rolling    D.-vic  .  Tl« 


I 


I     Ol     I!. ill.-; 

i  uf  Boiler*    •  ibjectloof  i" 

Hydrostatic  Test  of  Boiler.— 1'<  tot 

I. 

Eec  MftohbtM    Dt-  i.a  Vergno  Korlgontai    

iilng— Cun  System  of    ...  

tc*  Making— Plate  Urslrm   of    O 

lea  Making  Plant   

!'■■•  Making  Plant— IriMilai Ion    ol     Pipe*.    I" ..  ■! 

Meal  Automatic  Engine 

Icl«.l  quick  Cloning  Throttle  Valve 
lllumiiuiiimt    c;«h    

I'M"    ■  .■•■'■!  '    '   .11!    •   '       "'. 

Impurities    In    Water 

Incompetent  Attendant— Causes  of  Boiler  Exploaloi 
increased  Durability  of  Boilers  bv  I'm  of  Water  Column...  . 

Increasing    Horse    I'uivt-i   ■■•.    Kngim  

in, H.:i tor — Attaching  to  Engine 

Indicator— Cord  or  Diagram 

Indicator — Card — To  Find  Arc*    of  Bl 

indicator — Construction  of 

iti.lK-mor— Crosby    

Indicator—  Definition  of    

Indicator  Diagram*    

imiieiiiiir  Diagram!   -Admission    Line 

Indicator  Diagrams     Area    of    .    OS 

Indicator  Diagrams — Almoaplr  .  Of 

indicator  Diagram* — Back    Pressure    Lin* Hi 

Indicator  Diagram* — Choked    Admission    Lln>-  ir> 
Indicator  Diagrams— Choked    Exhaust    Line 

Indicator  Diagram* — CJtantnce    1,1  rw    W 

Indicator  Diagrams— Compression  Cam     Line .  W 

Indicator  Diagram* — Cut   Off   Line.  SB 

Indicator  Diagram* — Double   Admission  iLlnc.  

Indicator  Diagram*— Early  Admission  Line, 

Indicator  Dlagnun*— Early  Cut   >>rr    Line 

Indicator  Diagrams — Early  Release  Line 

i     ii ..i tor  Diagrams—  Early  Compression   

Indicator  Diagram* — Eccentric    Slipped    Back 

Iiullcalor  Diagrams — Eccentric   Too   K.u-   ,\h.  xl 

Indicator  Diagrams— K.v-cssi\i.   Itai-k    I'ri'uun'.      ..  .  CT 

Indicator  Diagrams— Exhaust   Closui.     tf 

Iniiiriiior  Diagrams — Exhaust    Line    • 

ln«lii   1 1  -  -  ■    I  >niBr:i  vf     IS 

Indicator  Diagrams— I  jti.-    Admission 
Indicator  Diagrams —  Late  Cul   Off 

i,  1 1  or  Diagrams—  Late   Release 

Indicator  Diagrams— Leaky   Cut   Off 


Page. 

Indicator  Diagrams— Little  Compression  829 

Indicator  Diagrams— No  Compression  829 

Indicator  Diagrams— Practical    828 

Indicator  Diagrams — Practical  Lines  827 

Indicator  Diagrams — Point  of  Release 825 

Indicator  Diagrams — Steam  Line    826 

Indicator  Diagrams — Zero  or  Vacuum  Line 826 

Indicator— Essential    Parts    of 818 

Indicator— Inertia    831 

Indicator— Reducing  Motion  of 820 

Indicator — Steam  Engine   816 

Indicator — Tabor,  with  Houghtallng  Reducing  Motion 867 

Indicator— Valve  Setting  with 835 

Indirect  Connected  Electric  Elevator 785 

Indirect  Hot  Water  Heating 403 

Indirect  Valves 488 

Induced  Current 681 

Induction — Magnetic   678 

Induction — Self  Current  748 

Inertia  Governor  618-532 

Inertia  Governor — Construction  of    634 

Information — Useful   for  Elevators 783 

Ingredients  of  Iron  and  Steel 63 

Injector — Connections  to  Boiler 223 

Injector — Directions    225 

Injector — Essential  Parts 221 

Injector — Metropolitan  Automatic! 381 

Injector — Operation  of 227 

Injector— Parts  of 223 

Injector — Penberthy   375 

Injector — Piping   for   225 

Injector— Principle  of  Action 231 

Injector — Range  of 223 

Injector — Steam  Supply  to 223 

Inside  Lap  of  Valve 476 

Inspection  of  Boilers  and  Licensing  of  Engineers 903 

Inspection  of  Boilers 903 

Inspection — Manner   of  Boiler. . , 924-260 

Inspection — Chicago  Law   for 914 

Inspection—  Philadelphia  Law  .for 919 

Inspection — Preparing  for  Boiler 261 

Inspection— St.  Louis  Ordinance  for  Boiler 260-924 

Inspection.    United    States   Government    Regulations 903 

Inspirator    227 

Inspirator — Hancock    375 

Installation  of  Boilers   179 

Installation  of  Dynamo  731 

Installation  of  Motors   731 

Instructions  for  Adjustment    of  Corliss    Valves 550 

Instructions  for  Engineers  for  Condensers 596 


top- 

Insulation  and  Cost— Central  Heating  Mains *• 

Insulation  of  Pipes— Refrigerating   W 

Internal   Circuit    C 

Internal  Forces  of  Boiler  Shell "' 

Internal  Furnace  Boiler  " 

Internal  Furnace  Boiler — Speclfloatlons  for    JB 

Iron — Cast   8 

Iron — Ingredients  of  8 

Iron  Ore     8 

Iron— Pig  8 

Iron  and  Steel— Manufacture  of  8 

Iron — Wrought    8 

J. 

James  Watt— Engine  8* 

Janitors — Rules  for  Low  Pressure  Boilers 8* 

Jet  Condensers  W 

Jet  Condensers — Directions  for  Installation SM 

Joints— Butt     '■< 

Joints — Design   of    w 

Joints — Lap    " 

Joints— Locomotive   ** 

Joints — Official   Regulations  of «* 

Joints— Riveted   9 

Jones  Elevator  Controller    M- 

Jones  t'nder  Feed  Mechanical  Stoker W 

Joy  Valve   Gear SW 

Junior  Inertia  Governor — Construction  of SM 

Junior  Vortical  Engine  V* 

K. 

Klely    Steam    Traps » 

Kewaneo    Fire    Box    Boiler S* 

Knowles'  Direct  Acting  Steam  Pump    M- 

Knowles'  Direct  Acting  Steam  Pump— Operation   of   MS 

L. 

L-rl.-inclu-  Cell — Construction    of    C! 

Lancashire  Boiler    ?> 

Lnp  Joints  TJ 

I Aip  Welded  Charcoal  Iron  Boiler  Tunes *v 

I«ito  Admission — Indicator  Diagram  IK 

Late  Cut  Off — Indicator  Diagram >' 

Lite  Release — Indicator   Diagram    $?• 

Latest  Improved  Down  Draft  8mokeless  Furnace — Specifications  for  i" 

Laws  Governing  Boiler  Inspection IS!-*"! 

I.uws  Governing  Licensing  of  Engineers W 

Layout    of    Steam    Plant Ml 


Page 

Lag?  Tongs  or  Pantograph Ml 

Lead   of  Valve* 471 

Loading  Type*  of  Bollera  with   Specification*   170 

Leading  Typan   if  Bonar*  and    Furna*     MtrtbaoMUa »*7 

LmIu   In    Boilers J«« 

Leaky   Cut   Off    Indicator   Diagram »29 

Leather  Cup  Packing  for  Valve* itt 

I««CljiUtlon    for    Elevator* 760 

Lavcr  Safety  Valve 95 

Licensing  of  Engineers— Low  for   . .                                             903 

Ing  of  Engineer*  nnd  Firemen— Massachusetts   Law    907 

ng  .if  Engineer*  :•  rul   l-'iT^iTi.n      \ni.iii|..l   ijtw    ...  910 

censing  of  Engineer*— )'.  iin*\  I.  imlii  l.-iw    911 

ng  of  Firemen— New   York    City 913 

ng  of  Engineers—  St.   Louis  Ordinance 924 

Lift  of  Water  Valves  on  l'uni|i«  *2I 

UnHi  Stop*— Safety  t;i 

I Jmit  Stop*  mi  Elevators 7SI 

Limit  Stops  on  Motor*—  Elevator 7SS 

Line*  of   Force «7« 

Lining  .in   Engine 49& 

Link— The  Gooc.h  US 

IJnk   Motion— Stephenson    itt 

Little  Compression— Indicator  Diagram    121 

Lire  8te*m    Purifier    Hoppe*' J4I 

Location  of  Boilers   .177 

Location  of  Feed  Water  BMlOr*  *U 

Iiocatlon  of  Fuslblo  Plugs  104 

location  of  Gauge  Cocks   In    Boiler 101 

Locomotive  Boiler 47 

Locomotive  Boiler— Advantages  of 49 

Locomotive  Boiler — Construction    .if     .41 

liOcomotlve  Holler— Disadvantages    49 

Locomotive  Boiler— Forced   Draft  of 47 

•  motive  Roller— Spe.  itl.-.-i i l.m-   f,,r  X,  11.   P.    ...  2M 

Locomotive  Joint* 74 

Lost  Motion  of   Pumps    Ct 

Lost  Motion— Kule   for    tU 

lxi«  PrtMurs  Heating  Planl     Specifications  for 401 

l.«w  w.-it.r  In  Boiler m 

Lubrication  of  Chuse   Engine    J18 

Lubrication  of  Elevn lor  Cables     TM 

Lubrication  of  Elevator  Guide*   7JJ 

rlcatl I  Hydrnulti    Elevnlors   7s* 

1  .ii  i.i  (cation  of  Overhead  Sheave   Boxaa  of  Elevator 7tS 

Lubrication  of   Worm  Gearing  of  KI.-\  ii ,.i  .......  til 

Lukenhelmer  Pop  Safety   Voire ,.  1st 

l.unkenhelmer  Pup  Safety  Valve— Construction  Of..  »S1 


' 


M.iin    Hearings  -Junior    VMtfi 

MiiiuiK<'m> -in    Ot  Holler— Rulr* 

M    .1,1:.    !          .-I        l:..|)..|         1     ...nil  II.    1 

M.nilfi-Mntloiii.   of   Btaeti 
Mnnnrr  Of   Holler  Inspections 
k   Simm   Tr>P     '"' 

Marine  Klcclrlc  KlcvMor    .... 

M.irino  Mamu-i  ConbroUar — Co 

Mnrlne  Cnvrnor—  Operation 
M.-u-h    1  -tr.-.-i    i\i  ling  rump— 1 
M&xmii'lmiicilM  luiw  l.lcen»lnjc 
\i  is«ncliu»elt»  I,aw  Amended 

M.ii.  i  in  1      II. .ill  i      Cut    Iron  a» 
Mulerlu!     Hi.IIi-i      Inutility   of 
Muti-rlnl   II..H.I      1 1.  .mi  ii.tlve  F 
M.iiirlnl      Id. III. r     Sii'i'l  .in  .... 

Mil.  rial    Holier  --  Wrought  tn 

\1  i r .■  t  lil    for    H.'ll.r   S.'illn«». , 

M.  1  WltokV     Blenrn    Trap 

M    I ni..  i,  s.-vmour  Knslne 
MolntOOh-gOymoUl   Verllml  Cr 

M Effective  Pressure   

Menu  Kir.-rilve  Pressure- -T..    i 

\i.    raring  Currant— Utthoda 

Putt. 

Mechanical  Rcfrlgc ration—  Definition  of  862 

Mechanical  It"frlgeration     Kvuporntlnn   Coll    

Mechanical  Refrigeration—  Method*    ■>'.    881 

Mechnnli*!  Refrigeration— Pressure   and  Temperature   for 864 

Mechanical  Refrigeration— Refrigerating  Apparatus  864 

Mechanical  Stoker*     233 

Mechanical  Stokers— Advantage*  and  nisadvaiuure* 234 

Mechanical  Stokers— Classification  of   234 

Mechanical  Stokers— Jones"    l'ml.r    >        I  381 

Mechanical  Stokers— Over  F««d    214 

Mechanism  for  Operating  Corliss  Valves 1(6 

Mrtora— Ammeter .887 

Meters — Construction  of  887 

Meters— Volt    887 

Meters— Wat t     , 886 

Method  of  Measurements   686 

Metliod  of  Measuring  Current  In  Dynamos ' T;i 

Method   (if  Mi-cliniilciil     i:>  fi  igitallon     .    8(1 

Metropolitan  Automatic  Injector 181 

Mode  or  Operation— Ideal  Knglnc  si  2 

Modern  Type*  of   Hollar..   

Moimure  of  Coal ..  M 

Moisture  of  Coal — Determining    441 

Mollne— Direct   Connected  Freight  Elevator 80S 

Motor— Directions  for  69U 

Motors— Alternating  Current    735 

Motors— Alternating     Current      Circuit  of    737 

Motors—  Alternating  Current— Essential    Parts    of 718 

Motors — Brushes    731 

Motors — Brushes— Sparking  of    731 

Motors— Electric  Elevator 788' 

ra—Blavator— Limit  Stops  on 788 

Motors  -Installation  of    731 

Motors— Marina   Electric    Elevator 

Motors— Operation    of    731 

Motor*-    Otopplng  of        732 

Mud  Drum    91 

Mud  Drum— Cleaning    jj- 

Kottfphaae    Alternators       ...  748 

Multiple  Series— Oils   In    687 

Multitubular  Boiler    «• 

Murray  Corliss  Knglne H6 


N. 

of 


1*1 


Nason  Steam  Trap— Construction 

Saxon  .-■  i  i|»  ration   of        ,  u% 

Natural  Draft    134 

Natural  Gas— as  Fuel  ..114 

unil  Magnets   673 


Negative  Charge  18 

Newcomer.  "Balloon"  Boiler    '...I il 

Newcomen  "Balloon"   Boiler — Defects  of S 

Newcomen  Spherical  Boiler  Jl 

Newcomen  Engine    •. tff 

Newly  Set   Boilers HI 

New  York  City  Law— Licensing  of  Firemen IN 

Nipple— Pipe    IK 

No  Compression— Indicator  Diagram CI 

Non-Condensing  Engines    tC 

Non-Conductors HI 

Number  of  Tubes  In  Return  Tubular  Boilers I) 

O. 

Object  of  Feed  Water  Heaters iu 

Objections  to  Hydrostatic  Boiler  Tests 5i 

Official  Regulation  of  Joints ;t 

Ohm — Analogy  of   (M 

Ohm — Electric — Measurement    (H 

Ohm's  Law    (Si 

Oil— Comparative  Cost  as  Fuel US 

Oil  Separator— Bundy   St 

Oil  Separator — Cochrane    Hi 

Oil  Separators  ;il 

One  Pipe  Heating  System IJJ 

Open  Circuit  Battery (71 

Open  Heater    ai 

Open  Heater — Direct  Contact    ;U 

Open  Heater— Direct  Contact— Disadvantages   of   « :u 

Open  Hearth  Steel  Plate   (i 

Open  Hearth  Steel  Plate — Specifications  for  (I 

Open  Steam    Traps    «1S 

Operation  of  Boilers 241 

Operation  of  Cameron  Pumps  (JJ 

Operation  of  Coffln    Planlmeter    (ft 

Operation  of  Commutator   01 

Operation  of  Corliss  Valves   Mi 

Operation  of  Dynamo  711 

Operation  of  Governors    S3 

Operation  of  Injectors  •;; 

Operation  of  Motors   ;jl 

Operation  of  Otis  or  Crane  Electric  Elevator 7J» 

Operation  of  Plate  Machines  «j 

Operation  of  Pumps    jjj 

Operatlon  of  Pumps —Directions   for    fj; 

Operation  of  Pumps — Knowles   Direct  Acting tli 

Operation  of  Pumps — Marsh    Direct    Acting tt~ 

Operation  of  Rheostat    JS» 

Opera  I  Ion  of  Steam  Traps — Albany   J5T 

Operation  of  Steam  Traps— Branch    ! u 


Page. 

Operation  of  Steam  Traps— Bundy  Return  362 

Operation  of  Steam  Traps — Nason   369 

Operation  of  Steam  Traps — Placed  Over  Boiler 364 

Operation  of  Steam  Traps — Wright  Emergency   375 

Operation  of  Tabor  Indicator   869 

Over  Compound  of  Electrical  Machine 728 

Otia  Electric  Elevator— Directions  for  Operation 788 

Otis  Gravity  Wedge  Safety 776 

Ordinance— St.  Louis  Boiler 260-924 

Outside    Lap,    on  Valves 476 

Over  Balanced  Elevator  765 

Over  Feed  Mechanical  Stokers 234 

Overhanging  or  Half  Arch  Boiler  Front 176 

Overhead   Sheave  Boxes — Lubrication  of   782 

P. 

Packing  Horizontal   Hydraulic  Elevators. .* 775 

Packing— Leather  Cup — for  Valves 782 

Packing — Vertical  Cylinder  Piston  from  Top 77* 

Packing — Vertical   Cylinder   Valves 774 

Pantograph  or  Lazy  Tongs 811 

Parallel— Cells   In   667 

Parallel — Compound  Dynamos  In 721 

Parallel — Dynamos  In   719 

Parallel — Series  Dynamos  In    719 

Parallel — Shunt  Machines  In 719 

Parts — Elevator  Cage  or  Car 777 

Parts  Elevator— Belted  Steam  Freight 762 

Parts  Elevator — Horizontal  Hydraulic  Piston 768 

Parts  Elevator— Principal    765 

Parts — Essential   Boiler    25 

Parts— Injector   223 

Parts — Shaft  Governor  630 

Parts — Steam  Engine    464 

Peat— as  Fuel  131 

Pelton  Water  Wheel    968 

Penberthy  Injector— Construction  of 875 

Pennsylvania  Law — Licensing  of  Engineers 911 

Pendulum  or  Fly  Ball  Governor — Construction  of 624 

Perfect  Combustion   140 

Petroleum— as  Fuel   132 

Philadelphia  Law — Inspection  of  Boilers 919 

Pilot  Valves  for  Hydraulic  Elevators 768 

Pipe  Connections  for  Pumps 628 

Pipe  Fittings    183 

Pipe  Fittings— Angle   Valves    18» 

Pipe  Fittings— Bushings   186 

Pipe  Fittings— Cocks 187 

Pipe  Fittings— Couplings    183 

Pipe  Fittings — Cross  Tees  186 


:  T~r — — ~ : — - 

llplnc  for  Indicator 

Piping— «i*   of 

Piping  for  Steam  Plant 

PMon— Brownt-U   Automatic   Engine 
FMwt- Cntase  Engine  .. 
Ptaton — Cushioning  Pumpa  ... 

Piston—  Elevator 

Ptaton-   Klcvntor     IlorlloDUl  Hydra 
IT»ton — Elevator— Horizontal   Hydrai 
Piston — Elevator— llortxoninl  llydrni 
PJstoo— Elevator— Vertical  Hydrant* 
Pislon— EI«vator— Vertical  Hydraulb 
Plalon— Junior  Vertical   Bragta 
PtetOB— Packing  Vertical    Cylinder. 
Piston  Rod — Steam    Engine    . . . 
Piston  Rod— Stuffing  Box— Ideal  En 

•«i     

Piston   Valve    

Pitch   of   Rheta 

Pittsburgh  Heater  and   Purifier.. 

planlmctcr    

'meter— Coffin— Operation  of 
Plate— Baa—mar    W— <    alarm 
Plato— Cementation  Proonat    Manuf 

Plato — Open  Hearth  Steel 

l'luto— Machine—  Operation  of   

Plntc — Shearing  Strength  of  I 

-    -Stresses  on   Boil.  - 
ri.it..  SyMccn— Iro  Maklrn- 

Mfta  Strength  of— B<"|.  , 
.Plate*- 


Pa**. 

•  rlMtlon  of  a  Cell ...  ««* 

^B*  Plecea— Compound  Generator  "9 

PrJca    of    Battery *«» 

Pop    Safety    Valve — I.unkenhelmsr **7 

Porter  Allen  Knglne   &7B 

Poct.r  i;<,-..rn,,r  6« 

Portable  M  

Positive  Charge    itt 

Potter    Machine    M» 

Practical  Diagrams    of   Indicator..  M* 

P       Ileal  i  .in.--.  o|  Indicator •  MJ 

Pro.it  Cor  SnM  .    Device   -Construction  of...  •  -  7M 

Pratt  Elevator  Safety     Construction  of  797 

Hydrostatic    Boiler   Teat WJ 

Preparing  l"i. >il.  r  r..r   in -pi..  u<  ■>  Ml 

Preparation  of  Brine  for  Refrigeration til 

Pressure—  Absolute .     »7 

Pressure  Allowed  on   Humped  Head t  W>« 

Pressure  Allowd    All,  i  Service 

•ure  Gauge     Steam    ...M«-J«7 

Prejtsure  Gauges     ...  . .  3-7 

Pressure— Mean    effective       •   4W 

Pressure  Recorder 327 

Pressure  and  Temperature  Mechanical    Refrigeration Ml 

Pressure— Working tT 

Pressure  of  Steam    Allowable    on   Holler— Government    Regulation..  MB 

Prevention  of  Bollai    Explosions    1*4 

Prevention  of  Bddy   Currents    74a 

i  hi  ion  ol  Smoke 

Prevention  of  Smoke    Chimneys    for    14H 

Prevention  of  Smoke— Down   Drafl    Furnaces  fur 117 

Prevenilim  of  Smoke — Mcehanl.   .1     Dcvlcaa    for 14* 

Prevention  of  Bmoki      Pi  ipei    Hiring  for  .....  1*4 

Prevention  of  flmnki — Steam  Jels  .  14* 

i    eventlon  of  Smoke — Sufficient  Boiler  Capacity  for..  Ml 

Primary   Bam  rlee . .  «M 

Piiur.il>   Ratterloe — Principle   of    664 

Primary  Cells  671 

Priming   In    Holler- .    1*4 

Principal  Parts  "f   Elevators 75* 

Principles    of   Valves 410 

Prlnelp] I   thi    St  sum    ["urblni 9*2 

Principle*  of  Steam  Jets    »«4 

i      iper  Firing  for  Smoke  Prevention 144 

Pomps  

I'unips — Air  Chamber  of 6SI! 

Pumps    Blaki  Acting 641 

Pumps     Roller   Feed    «3s 

Pumps- Boiler   Feed— Aldrlch    Electric 72* 

Pumps   ■Burnham   Dir  el   Acting ..  *M 


. 


PumpB— Bumham — Setting  Valve  of  W 

Pumps — Cameron     0* 

Pumps — Cameron — Explanation   of   W 

Pumps— Cameron — Operation   of   <0 

Pumps — Centrifugal    61 

Pumps — Compound  01 

Pumps — Compound    Duplex    61 

Pumps — Construction  of  Steam  End CJ 

Pumps — Construction  of  Water  End W 

Pumps — Cushioning-    Piston    of 13 

Pumps— Dash  Relief  Valve  for— Construction  of Til 

Pumps — Direct  Acting 13 

Pumps — Direction   for  Operation  of C< 

Pumps — Deane  Direct  Acting  Ml 

Pumps — Duplex — Steam    C- 

Pumps — Duplex — Steam — Construction  of  «• 

Pumps— Duplex— Steam— To  Adjust  Valves  of W 

Pumps— Ends    «3 

Pumps— Fly    Wheel    «3 

1'umps — Classification  of   C 

Pumps — Hooker  Direct  Acting M- 

Pumps — Knowles'    Direct  Acting — Operation  of Ml 

Pumps— Lost    Motion    of *" 

Pumps — Marsh   Direct  Acting — Operation  of 6J7 

Pumps — Operation    of    C" 

Pumps— Pipe    Connections    for SS 

Pumps — Questions   and   Answers   on 67 

Pumps — Rotary     61 

l'umps— Single   Cylinder    Direct    Acting O! 

Pumps— Selection  of If 

Pumps — Slippage    iK 

Pumps— SnoW  Duplex — Explanation  of 61 

Pumps — Steam     CI 

Pumps— Types  and  Description   of o: 

Pumps — Use  of <*1 

Pumps— Water  Valves  of tS 

l'umps — Worthington   Duplex W 

Purifiers— Feed   Water   :!"> 

Purifiers— T/ivo  Steam  W 

Purpose  of  Holler  Trials 411 

Q- 

Qurstions  and  Answers — Chapter    I — On    Boilers Ill 

Questions  ami  Answers — Chapter  III * 158 

Quest  Ions  and  A  nsweis— Chapter  IV IK 

Questions  and  Answers— Chapter      VI— On      Boiler      and      Furnace 

Attachments    *t: 

Questions  and  Answers — Chapter  IX — leading  Types  of  Boilers...  ^' 
Questions  and  Answers — Chapter  XI — leading  Types  Boiler  Fittings  Ml 
Questions  and  Answers— Chapter   XIV — On   Preceding  Chapters 61 


Questions  and  Answers — Chapter  XX — On   Preceding  Chapters 614 

Questions  and  Answers — Chapter  XXIII — On  Pumps 657 

Questions  and  Answers — Chapter  XXVII — On   Elevators S15-7 

Questions    and    Answers — Chapter    XXXII— Electricity 935 

Questions  and  Answers — Chapter  XXXIII— On  Steam  Turbine..    971 

Quality  of  Steam— Boiler  Test 426 

Quick  Closing  Water   Gauge   331 

Quick  Closing  Throttle  Valve— Ideal   616 

R. 

Radial  Gears  B58 

Radiating  Surface  *» 

Radiators    for  Heating 403 

Raising  Steam  on  Boilers 246 

Range  of  an  Injector 223 

Rapid  Circulation  of   Stirling  Boiler 291 

Rating   of    Boilers Ill 

Ratio  of  Heating  Surface  to  Grate  Area 87 

Receiver   for   Compound    Engine 607 

Reciprocating  Engine    462 

Reciprocating  Engine — Parts    464 

Recorder — Pressure     327 

Reducing-  Motion  of  Indicator 820 

Reducing  Valve     191 

Reducing  Wheel — Crosby    853 

Refrigerating  Apparatus    864 

Refrigerating  Machines — Efficiency  of   880 

Refrigerating  Plant — Insulation   of    Pipes  In 881 

Refrigeration   862 

Refrigeration — Brine   System   of.... 871 

Refrigeration— Direct  Expansion  System  of 874 

Refrigeration — Mechanical   862 

Refrigeration — System   of 871 

Refrigeration — System  of  De  La  Vergne 883 

Refuse  as   Fuel 433 

Regulation  of  Boiler  Feed  Water 252 

Regulation  of  Joints — Official    74 

Regulation  Government — Boiler  Inspection 903 

Regulation  Government — Licensing  of  Engineers 903 

Regulator— Automatic    •. . . .   233 

Regulator — Curtis  Damper   387 

Reheater — Compound  Engine  609 

Reheater — Construction  of 609 

Reheater — Economy  of  609 

Reheater  Economy — Test  of 609 

Reliance  Steam  Trap   373 

Remedy — Failure  of  Dynamo  to  Generate 733 

Removing  Sediment  from  Boiler 267 

Requirements  of  Boiler  Plate  68 

Requirements  of  Boiler  Settings   177 


■ 

SI.  :i in  Trap — Albany    

Return  Steam  Trap— Bundy    

I :.  i  in  ii  Tubular  Boiler    

Return  Tubul.u-  Bofltr     Advantage*  Of 

Return  Tubojai    BolICI      COMtrUQtlon 

Return  Tuiiiii.ii  Boner—  Dixndv.ii    la      ol 

Return  TuI.iiIii    liulK-r— . Furnace    

Return  Tubular  Boiler— Hcnllng  Surf I  

Return  Tubular  BoBer    BbriaoalaJ— Bpeclf 

Return    i'iiI.iiI.h    1 ! ■ . 1 1 •  - r-     NiuiiIht  ..f  Tulii-s  In—  Table  of 

R>  ■■'  I  M    V.llve        

line  Oram  

Reversing  Polarity   

Reversing  Valve  Gear 

Reynolds  Corliss  Engine  Valve*     

Reynolds  Corliss  Engine  Vulvee— Adju*< 

i        ■  tat—  Operation  of    

Right  Hand  Engine  

Rivaled  Iblnta 

Rivets  and  Riveting— Specifications  for 

Rivets- Pitch    of    

Rivets— Shearing  Strength  of 

Rivets — Stress  on    

Roney   KeehaMoal   Sl"kcr     Con 

Rotary  Engine  

itniiiij    i'» 

Hulrs  for  Boiler  Trials— American  Society   Mechanic*]   Englr>~r. 

Rules  for  Conducting   Boiler   Trials 

Kui.  nd  ml    -Low   fr. ■•  sura  Uolli  i  ■ 

Rule-  for  i '•  i.  iiiimliig  steam  Pressure  Allowed  on  Boflens— 

«-:. ■v.-i  11  ■»•  ut   Regulation*  .. 

Rules  to  Find  Hentlne  Surface  of  Boiler 

Rules  to  Find  Horse  Power  of  Boiler 

Rules  for  Inspection  and   Insurance  of  Bolltre... 

Rules  for  Lost    Motion    

Rules  for  Management  and  Care  of  Boilers 


a. 


Snfc  Working  Pressure  of  Boilers 

Safety  Appliances— Elevator     

Safety  Appliances—  Elevator — Car  Safely    .., 

Bafetj    IppUai a— Elevator — Oravttj    Wedge   .-- 

Safety  Appllanoeo  Elevator— Orfp  

Safety  Applliin. .  tor— Pawls     

Safety  Appliances    Elevator    Black  Cal 

Safety  Attachments— Both  r  

Safety  Attachments— Roller— I'miik.  i    ,,, 

Safely  Attachments — Bollor— Valves—  Constnictlon  of 





SafHy  Attachments—  Ilniler     Valvis     I  lead  WViglit    |i3 

Safety  Attachments— Holler — Valves  -  Lever     95 

**fety  Attachments — Roller — Valves— Lunkenhelmcr   Pop 327 

*Mety  Attachmenta — Boiler — Water  Column — Construction 

of   101-227-331 

**kfety  Attachmenta — Boiler — Water  Column — Economic  Value  of. .   229 

Safety  Boiler— Heine    Water   Tube 276 

Safety  Boiler— Water  Column— Wright— Construction  of 331 

Safety  Brake— Ellison   Freight  Elevator 813 

Safety  Devices— Elevator    758 

Safety  Device — Pratt  Car   799 

Safety — Factor  of "9 

Safety  Gravity   Wedge— Otis    776 

Safety  Limit  Stops  771 

Safety— 81ack   Cable    759 

Safety  Valve   93 

Safety  Valves   95-267 

Safety  Valves— Area  of 93 

Safety  Water  Tube  Boiler — Specifications   for 310 

Bolometer   for  Testing  Brine 873 

Sampling  Coal  for  Test 441 

Statural  Ion  of  Metal  with  Magnetism 744 

Savery  Engine  456 

Savery  Engine — Defects  of 456 

Baving  In  Fuel  by  Use  of  Water  Column 229 

Scale — Analysis  of  Boiler— St.  Louis  Water 257 

Secondary  Cells  672 

Sediment — Removing  Boiler  267 

Selection  of  Pumps 62K 

Self  Contained  Boilers   173 

■elf  Exciting  Machines   "15 

Self  Induction  of  a  Circuit 746 

Separate  Return  Heating  System 395 

separately  Excited  Machines   715 

separators — Bundy   360 

Separators — Centrifugal    216 

separators — Centrifugal — Action  of 218 

separators — Classification  of  216 

Separators — Cochrane 352 

separators — Cochrane — Vertical    352 

Separators — Cochrane — Horizontal   362 

Separators — Detroit    354 

Separators — Detroit— Horizontal    Centrifugal 354 

Separators — Detroit— Vertical  Centrifugal 354 

Separators— OH 216 

Separators — Oil— Bundy    350 

Separators— OH— Cochrane    352 

Separators — Steam    216 

Separators— Steam— Bundy 350 

Separators— Steam— Detroit    354 


Series — Electric 

Berles — Electromotive    

Series — Shunt  Dynamos  In 

Service — Cutting  Boiler   Into 

Setting   and   Connecting  Exhaust   t 

Hoppes   

Setting  and  Connecting  Live  Steam 

Setting  Slide  Valve 

Setting  Boiler    

Settings — Boiler    

Settings— Material   of  Boiler 

Settings— Requirements  of  Boiler. . . 

Settings  of  Water  Tube  Boiler 

Shaft — Governor — Construction  of  . 

Shaft — Governor— Parts  of  

Shearing  Strength  of  Rivets 

Shell — Internal  Forces  of  Boiler 

Shell — Staying   of   Boiler 

Shell— Steel  Plates  for  Boiler 

Shell— Strength   of  Boiler 

Shell— Stress  on  Boiler 

Shutting  Down  Boiler 

Shunt  Wound  Dynamos  

Shunt  Dynamos  In  Parallel 

Shunt  Dynamos  in  Series 

Signals — Hoisting   and    Portable    E 

Signals — Boom    Derrick    

Signals — Potter  Machine    

Simple  Ceil 

Simple  Engine 


Page. 

Slide  Valve  Engine — To  Reverse  Motion  of '. ....  496 

81lppage— Pump    «26 

Smoke    142 

Smoke  Stack— Specifications  for  302 

Smokeless   Down-Draft    Furnace— Specifications   for 322 

Smoke  Prevention  142 

Smoke  Prevention — Devices  for ' 148 

Smoke  Prevention — Chimneys  for  148 

Smoke  Prevention — Down-Draft  Furnace  for 147 

Smoke  Prevention — Mechanical   Devices   for 146 

Smoke  Prevention— Stack  for  161 

Smoke  Prevention — Steam  Jets  for 146 

Smoke  Prevention— Proj>er   Firing-  for 144 

Smoke  Prevention — Sufficient  Boiler  Capacity  for 148 

Snow  Duplex  Steam  Pumps — Explanation  of    661 

Solenoid   678 

Sparking-  of  Motor  Brushes '. 733 

Specifications  for— 2.0  H.  P.  Vertical  Submerged  Flue  Boiler 283 

Specifications  for— 25  H.  P.  Locomotive  Boiler 294 

Specifications  for— 100  H.  P.  Water    Tube    Boiler 302 

Specifications  for— Heine  Safety  Water  Tube  Boiler 276 

Specifications  for — Horizontal  Return  Tubular  Boiler,   with  Down- 
Draft  Furnace   296 

Specifications  for — Horizontal  Return  Tubular  Boiler 314 

Specifications  for — Internal   Furnace   Boiler 317 

Speclncatlons  for — Safety  Water  Tube  Boiler 310 

Specifications  for — Down-Draft  Furnace   301! 

Specifications  for — Down-Draft  8mokeless  Furnace S22 

Specifications  for— WIckes  Vertical  Water  Tube  Boiler • 270 

Specifications  for— Electric  Freight  Elevator 806 

Specifications  for — W.  A.  Miller  Electric  Elevators 804 

Specifications  for — Mollne  Electric  Freight  Elevators 805 

Specifications  for— Engine — Ordinary  Slide  Valve 602 

Specifications  for — Heating  Plant  Complete 412 

Specifications  for— Hoisting   Engine   Machines 899 

Specifications  for — Hoisting  Engine  Machine  Parts 889 

Specifications  for — I,ow  Pressure  Heating  Plant 408 

Specifications  for— Ordinary  Slide  Valve  Engine 502 

Specifications  for — Smoke   Stack    302 

Specifications  for — Standard   Plunger   Elevators 816-4 

Specifications  for— Steam  Shovel— 55  Ton 893 

Specifications  for— Steel— Extra  Soft   69 

Specifications  for — Steel — Open    Hearth    68 

Specifications  for— Steel— Plate    68 

Spring   Safety    Valve 95 

Stacks— Weight,  Gauge  and  Prices  of  Iron.     Table  No.  5 158 

Stamping  of  Boiler  Plate — Government   Regulations 905 

Standard    Plunger    Elevator    815-3 

Standard   Rating  of  Boilers 420 

Standard  National  Boiler  Compound 257 


Sialic  i  

Starting    Ql    BODef 

Slaying   of  Boiler   Shall 

Stays— Boiler 

Ways-  I'.i.ii.  i  root  

Stays-  i  :ii.       i  i.ilgn  of 

Slays— Direct  :...., 

Stays — Boiler— Cm-  el    .   . 

Steam  Admltsloii 

Steam  Boiler— The 

I  lot  Water  Homing  Bolters 

Bt«a    DOlHH    DabuOOa    *    Wilcox— Water    Tub* 

Steam  Bolters   Cahall    Vertical  water  Tub* 
Boilers— Cormsti   

SI.  .nn    Hiillois     Cook     

SlHOin  Bollei-      II.  Int  Safety  W.iler  Tub* 

St  cum  Boilers — Internal    Kuinaco    

Steam  Boilers — I-ancui-hlic  

Steam  Bollere — Locomotive  Types 

Si.    mi     I  lOllei  -        M.i:  I n « - 

Steam  Boilers— MultiiutMilst     

Boilers— Mtwooura    rB»Uoo»T   

Bl  -mi    liiilli-is  -NfWriimiMi    Spherical     

Steam  Hollers— Return  Tubular 

Steam  Boilers — Self  Contained 

Steam   Boilers— Bxtemall)    Fired 

Stnam  Holler*— Stirling   Water  Tnt.e 

Blasts.  Boilers— Tubular   ..  

Bteam  Boilers— Vertical   

Steam  Boilers— Water    Tub* 

8team  Boilers— Watt  Wagon 

Steam  Boilers— Wlcke*  Vertli  tl   Water  TUbe 
Steam  Boilers — Specifications  for — (See   Speclni 
Steam  Boilers—  FSOtor  of  Safety  for   

■:.-      -Still  HlIK      "II 

Steam  Cheat — Junior    Vertical    Engine 

Bteara— Cut  Off  of  

sii'iim  Cylinder — Crone   Reversing    Engin> 

Bteam  Drums  ..  

Steam— Dry    

Steam  Knglnc — Crane   Reversing 

Steam  Knglne — Dellnlllon  of   

Bteam  Engine—  Efficiency  of  

Bteam  Engine — Indicator   

si ••  .in  Engine— Indicator— Crosby    

Steam  Engine— Iini.'ii    -Tabor  

Steam  Engine     Junior    Vertical    

Bteam  Elevators    

Bteam   Elevators—  Belted  Freight— Construction  of     .... 
si.  ..in   Elevator!      Bolti  .1    FT<  Ighl      I'.m  • 


r»*> 

.  s 


c 
n 
m 

» 


8 
SJ 

a 

a 

a 
a 
m 

» 
in 

u 

3 


■ 

.  sV 

.1*1 

.  ?c 

7C 


Pace. 

.nslon   475 

:e  97 

;e — Connection  of 89 

Ing  Boilers   394 

146 

—Indicator  Diagram   826 

OH  Separators 216 

t— Layout  of    1»1 

Oil  Separators — Classification  of  Action  of 216 

t— Piping  for    181 

t— Piping-  Size  of   181 

ps    621 

ps— Direct    Acting— Single   Cylinder 632 

sure — Gauge    206 

<sure.   Rule   for    906 

tllty  of  440 

rators   216 

rators — Bundy    350 

rutors — Cochrane    352 

rators — Detroit    354 

els— Specifications  for 893 

>ly — Injector  and    Inspirator 223 

is 218 

is — Anderson  368 

is — Anderson— Construction  of  358 

is— Branch   360 

is — Bundy — Return  362 

is — Bundy— Tank    366 

is — Classification  of 218 

is — Closed  221 

is— Curtis    ' 867 

■s— Davis 867 

is— Kiel}'   309 

is—  Marck  36!) 

is— McDanloI   369 

is — Nnson   369 

is— Open   218 

is — Placed  Over  Boiler 364 

is— Reliance 373 

is— Wright  Emergency 373 

bine 962 

bine.    Description    of 970 

•bine.    Progress    970 

stle    208 

stle — Direct  Ions  for  Connecting 208 

•r  Material 65 

enter    Process 65 

entation    Process 67 

a  Soft— Specifications  for 69 

Box    69 


Pip. 

Steel — Flange  or  Boiler O 

Steel— Frame— Stirling  Boiler  91 

Steel— Ingredients  of   C 

Steel— Manufacture  of  K 

Steel— Open   Hearth  Process «i 

Steel — Plate — Specifications   for    <> 

8teel — Range  of  Boiler  O 

Stephenson  Link  Motion S* 

Stirling  Water  Tube  Boiler » 

St.  Louis  Cross  Compound   Belted  Engine (!' 

St.  Louis  Corliss  Engine   5iJ 

St.  Louis  Ordinance  for  Boiler  Inspection Ht-ili 

8t.  Louis  Ordinance  for  Fusible  Plugs 1* 

St.  Louis  Water,    Analysis    of 5! 

Stokers — Mechanical    32 

Stokers — Mechanical— Advantages    of    31 

Stokers — Mechanical— Classification  of    SI 

Stokers — Mechanical — Disadvantages  of   31 

Stokers — Mechanical— Detroit   JH 

Stokers — Mechanical — Jones — Under  Feed    JB 

Stokers — Mechanical — Over  Feed  31 

Stokers — Mechanical— Roney    81 

Stokers — Mechanical — Under  Feed   3* 

Stop  Motion — Corliss  Governor Bi 

Stopping  of  Dynamo   T5: 

Stopping  of  Motor "I- 

Stops— Elevator— Automatic   S"T 

Stops — Elevator— Limitation    JS* 

Stops — 8afety  Limit   "1 

Stress  on  Boiler  Shell '•'■ 

Stress  on  Rivets '•- 

Strength  of  Boiler  Shell '•'■ 

Subdivision  of  Engines ttl 

Sufficient  Boiler  Capacity  for  Smoke  Prevention 1** 

Supporting   Boiler    1* 

Surface  Blow  Off  on   Boiler >• 

Surface  Condenser    5'" 

Surface  Radiation   1* 

Suspension  of  Tubular  Boilers l'l 

Syslem  of  Heating W 

Systems— Compounding  Engine    W 

Systems— Control    for    Electric    Elevator TM 

Systems  of  Ire  Making K! 

Systems  of  Ice  Making — Can    '"• 

Systems  of  Ice  Making— Plate    ST» 

Systems  of  Ice  Making— Stntlonory  Cell    *'•'• 

Systems  of  Refrigeration    Kl 

Systems  of  nefrlgemtion — Brine    STl 

Systems  of  Refrigeration— Direct  Expansion   STt 


T. 

Page. 

Tabor  Indicator—  Huughtallng  Reducing  Motion 857 

Tangee  or  Porter- Allen  Engine 468 

Tee— Pipe 186 

Tee — Ctohs 185 

Tensile  Strength  of  Boiler  Plate 87 

Tests — Boiler— Duration  of  437 

Tests — Boiler— Efficiency  of  444 

Tests — Boiler — Evaporative — Result 446 

Tests — Boiler  —Hammer   268 

Tests — Boiler — Horse  Power  of 426 

Tests— Boiler— Hydrostatic— Objections  to 368 

Tests — Boiler — Keeping  Records  in   ' 438 

Tests— Boiler — 8t.    'Louis    Ordinance 260-824 

Tests — Boiler — Starting  and  Stopping 437 

Tests  of  Compound  Generators 797 

Tests  of  Economy  of  Reheater 808 

Theory  of  the  Condenser...., (88 

Theory  of  the  Dynamo.. '  (Ml 

Thermostatic   Valves    388 

Three  Phase  Alternators   760 

Throttle  Valves— Ideal  Quick  Closing 516 

Throttling  and  Automatic  Engine .-. 488 

Through  Braces   81 

Towers — Cooling   688 

Transformer — Application  of   748 

Transformer — Current  747 

Transformer—  Definition  of  747' 

Transformer — Essential  Parts  of  747 

Transmission  683 

Transmitting  Devices— Electric  Elevator  786 

Traps — Steam  218 

Traps — Steam — Albany  Return  355 

Traps — Steam — Anderson 358 

Traps — Steam — Branch  360 

Traps— Steam — Bundy  Return  362 

Traps — Steam— Bundy  Tank— Placed  over  boiler 364 

Traps — Steam— Classification  of  218 

Traps — Steam — Closed  221 

Trape — Steam— Curtis  367 

Traps — Steam — Davis    367 

Traps— Steam— Klely  , 368 

Traps — 8team— Marck  369 

Traps — Steam — McDanlels  369 

Traps — Steam — Nason  369 

Traps — Steam— Open 218 

Traps — Steam — Reliance 373 

Traps — Steam — Wright  Emergency 373 

Travel  of  Valve 492 

Treatment  of  Ashes  and   Refuse 442 


Tubes  and  Flues   for  Boners 

Tubes  for  Return  Tubular  Boiler — Tab 

Tubes — Boiler— Return    

Tubes— Boiler— Stirling;  

Tubular  Boilers — Suspension  of   

Two  Phase  Alternators 

Types  of  Corliss  Valve  Gears 

Types  of  Dynamos  

Types  of  Corliss  Engine 

Types  of  Valves 

Types  of  Valves  Used — Ideal  Engine... 

U. 

Under  Feed  Mechanical  Stokers 

Under  Feed  Mechanical  Stokers — Jonei 
United    States    Government    Regulatl 

Licensing  of  Engineers 

Unit  of  Horse  Power 

Unions — Pipe  

Use  of  Dynamos    

Use  of  Engines  

Use  of  Governors   

Use  of  Indicators   

Use  of  Pumps  

Useful  Information  for  Elevators. . . . 

V. 


Vacuum— Dash  Pots 
Vacuum — Gauge  


"wttiw    SVRt*-m. 


Pa«e. 

Valves — Corliss — Mechanism  of 645 

Valves — Corliss— Adjustment  of— Instructions  for 680 

Valves — "D'    8llde  and  Steam  Distribution 471 

Valves — Dash  Relief  for  Pumps         771 

Valves — Dash  Relief —Construction  of 771 

Valves— Direct    and    Indirect  «88 

Valves— Duplex  Pump — To  Adjust 623 

Valves — expansion 640 

Valves— Gate     189 

Valves — Gear's  Classification   638 

Valves — Gear — Buckeye  640 

Valves— Gear— Corliss — Construction  of   642-664 

Valve  Gear— Joy  668 

Valve  Gear — Reversing   666 

Valve  Gear— St.  Louis  Corliss   669 

Valve— Globe 187 

Valve — Gridiron — Construction  of 668 

Valve — Inside  Lap  on 476 

Valve — Junior  Vertical  Engine 610 

Valve — Lap — Effect  of   ' 484 

Valve— Lead  of 478 

Valve— Leather  Cup— Packing  for 782 

Valve — Lunkenheimer — Pop  Safety   327 

Valve — Mechanism — Ideal  Engine    614 

Valve — Outside    Lap    on 476 

Valve— Packing— Vertical  Cylinder   774 

Valve— Pilot  for  Hydraulic  Elevator 768 

Valve— Piston    488 

Valve  186 

Valve — Principles 480 

Valve — Reducing    191 

Valve — Reverse     658 

Valve — Reynolds-Corliss  Engine 662 

Valve — Safety  96 

Valve — Safety — Area  of    96 

Valve— Setting  with  Indicator 836 

Valve — Slide   Valve   Engine     472 

Valve — Stem    Guides— Chuse   Engine 621 

Valve— Table  for  Setting 663 

Valve — Thermostatic   399 

Valve— Travel  of  492 

Valve — Types   of 640 

Valve— Types  of— Corliss  ; 668 

Valves  and  Valve  Gears 639-470 

Vanes    of    Steam    Turbine 9«6 

Variable  Cut  Off  Gears ....639 

Vertical  Boiler    49 

Vertical  Boiler — Advantages  of ; 61 

Vertical  Boiler— Brownell    270 

Vertical  Boiler — Disadvantages   61 

Vertical  Boiler— Cahall  Water  Tube 285 


ft* 

Vertical  Boiler — Submerged   Flue — Specifications  for SB 

Vertical  Boiler— I'm  of   »» 

Vertical  Boiler— WIckes  Water  Tube 5' 

Vertical  Cylinder  Piston— Packing    "» 

Vertical  Cylinder  Valves — Packing  "t 

Vertical  Engine — Junior  W* 

Vertical  Feed  Water  Heater— Walnwrlgtit W 

Vertical  Hydraulic  Piston  Elevator— Construction  of i* 

Vertical  Hydraulic  Piston  Elevator — Controlling-  Device W 

Vertical  Separators   H 

Vertical  Separators — Cochrane    IK 

Vertical  Separators — Detroit  W 

Virtual   Electro  Motive   Force '*» 

Volatile  Matter  In  Coal '. tS 

Volt— Analogy  of  <M 

Volt — Electric  Measurement  W 

Voltalo  Cell   «S 

Voltmeter  B; 

W. 

Walnwrlght  Vertical  Water  Tube  Feed  Water  Heater W 

Wall— Bridge » 

Walling  In  of  Boiler 01 

Water  and  Gas  Pipe * 

Water— Impurities  in  3* 

Water— Treatment  of   S* 

Water— Column   '-'■'• 

Water — Column — Dry  Steam  by  Use  of '$ 

Water — Column — Economy  of   SI 

Water— Column— Safety  SiT-JSl 

Water— Column— Saving  In  Fuel  by  Use  of 2> 

Water  for  Hydraulic  Elevators .....'. IW 

Water  Oauge — Quick  Closing    » HI 

Water  Gauge— Draft    1" 

Water  Glass 1K 

Water  Glass  Connections W* 

Water  Level   In  Boilers 1M 

Water  Level— To  Find »' 

Water— Low  in  Boiler * 

Water— Required  for  Boiler S* 

Water— Supply  for  Feed  Water  Heaters Mi 

Water  Tube  Boiler— Advantages   S 

Water  Tube  Boiler— Cahali   Vertical    * 

Water  Tube  Boiler— Babcock  &  Wilcox »* 

Water  Tube  Boiler— Care  of   -*' 

Water  Tube  Boiler— Cook   3s 

Water  Tube  Boilers — Construction  of  '• 

Water  Tube  Boilers— Disadvantages  of " 

Water  Tube  Boilers— Heine  Safety   !'• 


Pag*. 

Water  Tube  Boilers — Safety — Specifications  for  310 

Water  Tube  Boilers— Settings  for •• 175 
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THE  above  cut  is  two-lhirds  futt  litt  of  this  beautiful  model  of 
aluminum,   highly  polished.  4'*    inches  by   3.'i   inches,  and 
weighs  only  one  pound. 

The  "D"  slide  valve  Is  the  CORNER  STONE  of  ste.re 
engineering,  and  with  this  model  any  engineer  can  casiy  acquire 
a   complete  knowledge  of  all  its   wonderful  features. 

This  model  will  show  you  how  to  SET  the  valve,  and  nuke 
clear  what  is  outside  and  inside  LAP.  LEAD.  CUT  OFF. 
TRAVEL.  CLEARANCE  and  all  the  other  beautiful  feature! 
of  the  slide  valve.  It  will  explain,  therefore,  the  a un till  primtptei 
of  any  valve. 


Price  of  Model  No.  I .  $10.00;  sent  postpaid  on  receipt  of  price. 
Model  No.  2.  (half  size)  $5.00;  sent  poslpaid  on  receipt  of  price 


ADDRESS: 


The  National  Equipment  Company 


Holland  Buildinfc, 


St.  Louis,  Mo. 


THE  STEAM  TURBINE 

—  BY- 
JOSEPH  G.  BRANCH,  B.  S„  M.  E. 

Acnoi  of    STATIONARY  ENGINEERING  "  Err.,  Etc. 


'T'HiS  is  a  practical  treatise  on  the  STEAM  TURBINE. 
*  con»ainin«  200  QUESTIONS  and  ANSWERS  on  steam 
turbines,  with  not  a  single  algebraic  equation  in  the  entire  book- 
It  15  written  by  a  practical  engineer  who  knows  what  flationary 
enftineere  need  to  ADVANCE  THEIR  WAGES,  and  he 
hat  put  it  in  this  book  in  his  usual  clear  way,  so  that  any  engi- 
neer can  be  fully  qualified  to  OPERATE  a  fleam  turbine  at 
any  rime  that  the  opportunity  offers  itself. 

No  engineer  should  fail  to  provide  himself  with  a  copy  of 
this  book,  and  make  himself  a  TURBINE  ENGINEER. 


Price  $2.00,  postpaid  on  receipt  of  price. 


ADDRESS: 

The  National   Equipment  Company 


Holland  Buildine,  St.  Loots,  Mo. 


Practical  Electricity 


-BY—   • 

JOSEPH  G.  BRANCH,  B.  S..  M.  B. 

Aotbo*  or  "STATIONARY  BNGINESING."  Etc..  Itc. 


This  is  a  PLAIN  and  PRACTICAL  exposition  of  the 
principles  and  application  of  ELECTRICITY  and  not 
the  usual  theoretical  discourse  on  a  most  practical  and 
simple  subject. 

This  volume  covers  the  ENTIRE  field  of  practical 
electricity,  including  both  DIRECT  and  ALTERNAT- 
ING currents,  and  in  addition  contains  SEVEN  HUN- 
DRED QUESTIONS  and  ANSWERS  usually  asked  by 
Hoards  of  Examining  Engineers,  Inspectors,  Under- 
writers and  Labor  Organizations  in  various  cities. 


Price,  $2.00 ;   postpaid  on  receipt  of  price. 


ADDRESS: 

The  National  Equipment  Company 

Holland  Building:,  St  Louis,  Mo. 


r 


HEAT  AND  LIGHT 

—  FROM  — 

Municipal  and  Other  Waste 

-BY- 
JOSEPH  G.  BRANCH,  B.  S.,  M.  E. 

Aotbob  or  "STATIONARY  ENGINEERING."  Etc  .  Etc. 


This  volume  is  considered  the  standard  treatise  on  the 
important  subject  of  WASTE  DISPOSAL. 

Every  stationary  engineer  should  be  interested  in  learn- 
ing how  the  waste  of  cities  can  be  utilized  for  the  genera- 
tion of  power  to  light  and  heat  our  cities. 
IT  IS  A  ROOK  FOR  STATIONARY  ENGINEERS. 


Price,  $3.00 ;    postpaid  on  receipt  of  price. 


ADDRESS: 

The  National  Equipment  Company 

Holland  Building,  St.  Louis.  Mo. 


JOSEPH  G.  BRAN< 

Chief  of  the  Department  of  Inapi 

Member  of  ttaa  Board  of  Bxamlalng  B 

liambar  of  the  Americas  Society  < 

Author  of  "Heat  and  Light  Prom  II 


The  great  success  of  this  be 
ITY.  This  is  because  the  au< 
gineer  who  fully  understands 
engineers  WISH  to  know. 

We  offer  SPECIAL  indttci 
ties,  organizations  and  clubs. 


Price,  $3.50 ;   postpai 


